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Abstract	 ﾠ
	 ﾠ
Much	 ﾠresearch	 ﾠsupports	 ﾠthe	 ﾠexistence	 ﾠof	 ﾠan	 ﾠApproximate	 ﾠNumber	 ﾠSystem	 ﾠ
(ANS)	 ﾠthat	 ﾠis	 ﾠrecruited	 ﾠby	 ﾠinfants,	 ﾠchildren,	 ﾠadults,	 ﾠand	 ﾠnon-ﾭ‐human	 ﾠanimals	 ﾠto	 ﾠ
generate	 ﾠcoarse,	 ﾠnon-ﾭ‐symbolic	 ﾠrepresentations	 ﾠof	 ﾠnumber.	 ﾠ	 ﾠThis	 ﾠsystem	 ﾠsupports	 ﾠ
simple	 ﾠarithmetic	 ﾠoperations	 ﾠsuch	 ﾠas	 ﾠaddition,	 ﾠsubtraction,	 ﾠand	 ﾠordering	 ﾠof	 ﾠamounts.	 ﾠ	 ﾠ
The	 ﾠcurrent	 ﾠstudy	 ﾠtests	 ﾠwhether	 ﾠan	 ﾠintuition	 ﾠof	 ﾠa	 ﾠmore	 ﾠcomplex	 ﾠcalculation,	 ﾠdivision,	 ﾠ
exists	 ﾠin	 ﾠan	 ﾠindigene	 ﾠgroup	 ﾠin	 ﾠthe	 ﾠAmazon,	 ﾠthe	 ﾠMundurucu,	 ﾠwhose	 ﾠlanguage	 ﾠincludes	 ﾠ
no	 ﾠwords	 ﾠfor	 ﾠlarge	 ﾠnumbers.	 ﾠ	 ﾠMundurucu	 ﾠchildren	 ﾠwere	 ﾠpresented	 ﾠwith	 ﾠa	 ﾠvideo	 ﾠ
event	 ﾠdepicting	 ﾠa	 ﾠdivision	 ﾠtransformation	 ﾠof	 ﾠhalving,	 ﾠin	 ﾠwhich	 ﾠpairs	 ﾠof	 ﾠobjects	 ﾠturned	 ﾠ
into	 ﾠsingle	 ﾠobjects,	 ﾠreducing	 ﾠthe	 ﾠarray's	 ﾠnumerical	 ﾠmagnitude.	 ﾠ	 ﾠThen	 ﾠthey	 ﾠwere	 ﾠ
tested	 ﾠon	 ﾠtheir	 ﾠability	 ﾠto	 ﾠcalculate	 ﾠthe	 ﾠoutcome	 ﾠto	 ﾠthis	 ﾠdivision	 ﾠtransformation	 ﾠwith	 ﾠ
other	 ﾠlarge-ﾭ‐number	 ﾠarrays.	 ﾠ	 ﾠThe	 ﾠMundurucu	 ﾠchildren	 ﾠeffected	 ﾠthis	 ﾠtransformation	 ﾠ
even	 ﾠwhen	 ﾠnon-ﾭ‐numerical	 ﾠvariables	 ﾠwere	 ﾠcontrolled,	 ﾠperformed	 ﾠabove	 ﾠchance	 ﾠlevels	 ﾠ
on	 ﾠthe	 ﾠvery	 ﾠfirst	 ﾠset	 ﾠof	 ﾠtest	 ﾠtrials,	 ﾠand	 ﾠexhibited	 ﾠperformance	 ﾠsimilar	 ﾠto	 ﾠurban	 ﾠ
children	 ﾠwho	 ﾠhad	 ﾠaccess	 ﾠto	 ﾠprecise	 ﾠnumber	 ﾠwords	 ﾠand	 ﾠa	 ﾠsurrounding	 ﾠsymbolic	 ﾠ
culture.	 ﾠ	 ﾠWe	 ﾠconclude	 ﾠthat	 ﾠa	 ﾠhalving	 ﾠcalculation	 ﾠis	 ﾠpart	 ﾠof	 ﾠthe	 ﾠsuite	 ﾠof	 ﾠintuitive	 ﾠ
operations	 ﾠsupported	 ﾠby	 ﾠthe	 ﾠANS.	 ﾠ
	 ﾠ
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Introduction	 ﾠ
	 ﾠ
	 ﾠ Infants,	 ﾠchildren,	 ﾠadults,	 ﾠand	 ﾠmany	 ﾠnon-ﾭ‐human	 ﾠanimals	 ﾠare	 ﾠable	 ﾠto	 ﾠrepresent	 ﾠ
large	 ﾠnumbers	 ﾠof	 ﾠobjects,	 ﾠsounds,	 ﾠand	 ﾠevents	 ﾠin	 ﾠan	 ﾠimprecise	 ﾠfashion,	 ﾠusing	 ﾠthe	 ﾠ
Approximate	 ﾠNumber	 ﾠSystem	 ﾠ(ANS)(Cordes	 ﾠet	 ﾠal.,	 ﾠ2001;	 ﾠDehaene,	 ﾠ1997;	 ﾠGallistel	 ﾠ
1990;	 ﾠLipton	 ﾠ&	 ﾠSpelke,	 ﾠ2004;	 ﾠvan	 ﾠLoesbrook	 ﾠ&	 ﾠSmitsman,	 ﾠ1990;	 ﾠMeck	 ﾠand	 ﾠChurch,	 ﾠ
1983;	 ﾠPlatt	 ﾠ&	 ﾠJohnson,	 ﾠ1971;	 ﾠStarkey	 ﾠ&	 ﾠCooper	 ﾠ1980,	 ﾠStarkey,	 ﾠSpelke,	 ﾠ&	 ﾠGelman	 ﾠ
1990;	 ﾠWood	 ﾠ&	 ﾠSpelke,	 ﾠ2005;	 ﾠXu	 ﾠ&	 ﾠSpelke,	 ﾠ2000).	 ﾠ	 ﾠThe	 ﾠANS	 ﾠsupports	 ﾠthese	 ﾠ
computations	 ﾠwithout	 ﾠthe	 ﾠuse	 ﾠof	 ﾠsymbols	 ﾠsuch	 ﾠas	 ﾠArabic	 ﾠnumerals;	 ﾠits	 ﾠsignature	 ﾠis	 ﾠ
the	 ﾠimprecise	 ﾠrepresentation	 ﾠof	 ﾠnumber,	 ﾠin	 ﾠwhich	 ﾠthe	 ﾠdiscrimination	 ﾠof	 ﾠtwo	 ﾠ
quantities	 ﾠis	 ﾠdetermined	 ﾠby	 ﾠtheir	 ﾠratio	 ﾠand	 ﾠnot	 ﾠabsolute	 ﾠdifference	 ﾠ(e.g.,	 ﾠ10	 ﾠ/	 ﾠ20	 ﾠand	 ﾠ
100	 ﾠ/	 ﾠ200	 ﾠare	 ﾠequally	 ﾠdiscriminable;	 ﾠc.f.,	 ﾠIzard	 ﾠ&	 ﾠDehaene,	 ﾠ2008).	 ﾠ	 ﾠStudies	 ﾠ
performed	 ﾠon	 ﾠinfants,	 ﾠchildren,	 ﾠadults,	 ﾠand	 ﾠnon-ﾭ‐human	 ﾠprimates	 ﾠsuggest	 ﾠthat	 ﾠthe	 ﾠ
ANS	 ﾠalso	 ﾠsupports	 ﾠsimple	 ﾠnon-ﾭ‐symbolic	 ﾠarithmetic	 ﾠoperations	 ﾠincluding	 ﾠaddition,	 ﾠ
subtraction,	 ﾠand	 ﾠordering	 ﾠ(Barth	 ﾠet	 ﾠal.,	 ﾠ2005,	 ﾠ2006;	 ﾠBrannon,	 ﾠ2002;	 ﾠBrannon,	 ﾠ
Wusthoff,	 ﾠGallistel	 ﾠ&	 ﾠGibbon,	 ﾠ2001;	 ﾠCantlon	 ﾠ&	 ﾠBrannon,	 ﾠ2006;	 ﾠCantlon	 ﾠ&	 ﾠBrannon,	 ﾠ
2007;	 ﾠCapaldi	 ﾠ&	 ﾠMiller,	 ﾠ1998;	 ﾠCordes	 ﾠet	 ﾠal.,	 ﾠ2007;	 ﾠGilmore,	 ﾠMcCarthy	 ﾠ&	 ﾠSpelke,	 ﾠ2007;	 ﾠ
McCrink	 ﾠ&	 ﾠWynn,	 ﾠ2004,	 ﾠ2009;	 ﾠPica	 ﾠet	 ﾠal.,	 ﾠ2004).	 ﾠ	 ﾠ	 ﾠ	 ﾠ
The	 ﾠpotential	 ﾠfor	 ﾠthe	 ﾠANS	 ﾠto	 ﾠunderlie	 ﾠthe	 ﾠoperations	 ﾠof	 ﾠmultiplication	 ﾠand	 ﾠ
division	 ﾠis	 ﾠunclear.	 ﾠ	 ﾠWork	 ﾠon	 ﾠthe	 ﾠneuroscience	 ﾠof	 ﾠnumber	 ﾠhas	 ﾠrevealed	 ﾠa	 ﾠconsistent	 ﾠ
difference	 ﾠin	 ﾠneural	 ﾠactivation	 ﾠpatterns	 ﾠfor	 ﾠaddition/subtraction	 ﾠand	 ﾠ
multiplication/division,	 ﾠbut	 ﾠthis	 ﾠfinding	 ﾠmay	 ﾠbe	 ﾠdue	 ﾠto	 ﾠa	 ﾠdistinction	 ﾠbetween	 ﾠrote	 ﾠRunning	 ﾠHead:	 ﾠHalving	 ﾠby	 ﾠMundurucu	 ﾠSpeakers	 ﾠ
	 ﾠ 4	 ﾠ
and	 ﾠon-ﾭ‐line	 ﾠcomputation.	 ﾠ	 ﾠFor	 ﾠexample,	 ﾠthere	 ﾠis	 ﾠa	 ﾠbilateral	 ﾠactivation	 ﾠpattern	 ﾠin	 ﾠthe	 ﾠ
horizontal	 ﾠsegment	 ﾠof	 ﾠthe	 ﾠintraparietal	 ﾠsulci	 ﾠ(HIPS)	 ﾠduring	 ﾠtasks	 ﾠwhich	 ﾠrequire	 ﾠ
recruitment	 ﾠof	 ﾠthe	 ﾠsemantic	 ﾠrepresentation	 ﾠof	 ﾠquantity	 ﾠ(Thioux	 ﾠet	 ﾠal,	 ﾠ2005;	 ﾠDehaene,	 ﾠ
1996;	 ﾠNaccache	 ﾠ&	 ﾠDehaene,	 ﾠ2001),	 ﾠwith	 ﾠactivation	 ﾠincreasing	 ﾠduring	 ﾠcalculation	 ﾠ
tasks	 ﾠsuch	 ﾠas	 ﾠsubtraction,	 ﾠapproximate	 ﾠaddition,	 ﾠor	 ﾠnumerical	 ﾠcomparison	 ﾠ(Chochon	 ﾠ
et	 ﾠal,	 ﾠ1999;	 ﾠDehaene	 ﾠet	 ﾠal.,	 ﾠ1999;	 ﾠMenon	 ﾠet	 ﾠal.,	 ﾠ2000).	 ﾠ	 ﾠIn	 ﾠcontrast,	 ﾠthe	 ﾠleft	 ﾠangular	 ﾠ
gyrus	 ﾠ(AG)	 ﾠexhibits	 ﾠgreater	 ﾠactivation	 ﾠduring	 ﾠa	 ﾠmultiplication	 ﾠtask	 ﾠcompared	 ﾠto	 ﾠa	 ﾠ
number	 ﾠcomparison	 ﾠor	 ﾠsubtraction	 ﾠtask	 ﾠ(Chochon	 ﾠet	 ﾠal.,	 ﾠ1999;	 ﾠLee,	 ﾠ2000).	 ﾠ	 ﾠDehaene	 ﾠ
et	 ﾠal.	 ﾠ(2003)	 ﾠsuggested	 ﾠthat	 ﾠthe	 ﾠHIPS	 ﾠand	 ﾠAG	 ﾠare	 ﾠdistinct	 ﾠparietal	 ﾠcircuits	 ﾠthat	 ﾠ
underlie	 ﾠdifferent	 ﾠcalculation	 ﾠtasks,	 ﾠwith	 ﾠthe	 ﾠleft	 ﾠAG	 ﾠresponsible	 ﾠfor	 ﾠexact	 ﾠ
calculations	 ﾠdrawing	 ﾠupon	 ﾠrote	 ﾠverbal	 ﾠfacts.	 ﾠ	 ﾠThis	 ﾠdistinction	 ﾠalso	 ﾠis	 ﾠsupported	 ﾠby	 ﾠ
cases	 ﾠof	 ﾠpatients	 ﾠwith	 ﾠbrain	 ﾠlesions	 ﾠin	 ﾠthe	 ﾠparietal	 ﾠlobe,	 ﾠin	 ﾠwhich	 ﾠone	 ﾠobserves	 ﾠa	 ﾠ
double	 ﾠdissociation	 ﾠbetween	 ﾠperformance	 ﾠon	 ﾠsubtraction	 ﾠand	 ﾠmultiplication	 ﾠtasks,	 ﾠ
especially	 ﾠthose	 ﾠproblems	 ﾠthat	 ﾠdiffer	 ﾠin	 ﾠterms	 ﾠof	 ﾠmemorization	 ﾠor	 ﾠverbal	 ﾠencoding	 ﾠ
(e.g.,	 ﾠreadily	 ﾠrecalled	 ﾠmultiplication-ﾭ‐table	 ﾠproblems;	 ﾠCohen	 ﾠ&	 ﾠDehaene,	 ﾠ2000;	 ﾠ
Dehaene	 ﾠ&	 ﾠCohen,	 ﾠ1997;	 ﾠDelazer	 ﾠ&	 ﾠBenke,	 ﾠ1997;	 ﾠLampl	 ﾠet	 ﾠal.,	 ﾠ1994;	 ﾠVan	 ﾠHarskamp	 ﾠ
&	 ﾠCipolotti,	 ﾠ2001).	 ﾠ	 ﾠ
One	 ﾠlikely	 ﾠreason	 ﾠthat	 ﾠscaling	 ﾠprocesses	 ﾠsuch	 ﾠas	 ﾠmultiplication	 ﾠand	 ﾠdivision	 ﾠ
appear	 ﾠto	 ﾠrely	 ﾠon	 ﾠdistinct	 ﾠverbal-ﾭ‐numerical	 ﾠregions	 ﾠsuch	 ﾠas	 ﾠthe	 ﾠAG	 ﾠis	 ﾠbecause	 ﾠof	 ﾠthe	 ﾠ
tendency	 ﾠto	 ﾠprovide	 ﾠmultiplication	 ﾠproblems	 ﾠto	 ﾠsubjects	 ﾠin	 ﾠa	 ﾠway	 ﾠthat	 ﾠallows	 ﾠor	 ﾠ
encourages	 ﾠthe	 ﾠuse	 ﾠof	 ﾠrote-ﾭ‐learned,	 ﾠexact	 ﾠcalculation	 ﾠbased	 ﾠon	 ﾠmemorized	 ﾠtables	 ﾠ
(e.g.,	 ﾠ9*4=x).	 ﾠ	 ﾠ	 ﾠOutcomes	 ﾠto	 ﾠsubtraction	 ﾠproblems,	 ﾠon	 ﾠthe	 ﾠother	 ﾠhand,	 ﾠtend	 ﾠto	 ﾠnot	 ﾠbe	 ﾠ
memorized	 ﾠ(e.g.,	 ﾠ9-ﾭ‐4=x),	 ﾠand	 ﾠtherefore	 ﾠare	 ﾠmore	 ﾠlikely	 ﾠto	 ﾠactivate	 ﾠsemantic	 ﾠRunning	 ﾠHead:	 ﾠHalving	 ﾠby	 ﾠMundurucu	 ﾠSpeakers	 ﾠ
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 ﾠ
representations	 ﾠof	 ﾠnumber.	 ﾠWhen	 ﾠmethods	 ﾠthat	 ﾠdo	 ﾠnot	 ﾠemphasize	 ﾠwritten,	 ﾠtabular	 ﾠ
multiplication	 ﾠproblems	 ﾠare	 ﾠused,	 ﾠand	 ﾠinstead	 ﾠthe	 ﾠpresence	 ﾠof	 ﾠscaling	 ﾠcalculations	 ﾠ
can	 ﾠbe	 ﾠindirectly	 ﾠinferred,	 ﾠthere	 ﾠis	 ﾠevidence	 ﾠthat	 ﾠthe	 ﾠANS	 ﾠis	 ﾠactive.	 ﾠ	 ﾠIn	 ﾠone	 ﾠrecent	 ﾠ
series	 ﾠof	 ﾠstudies,	 ﾠadults	 ﾠwho	 ﾠare	 ﾠshown	 ﾠa	 ﾠparticular	 ﾠproportion	 ﾠ(1/2,	 ﾠ2/4,	 ﾠ3/6)	 ﾠ
repeatedly,	 ﾠand	 ﾠthen	 ﾠshown	 ﾠan	 ﾠ“oddball”	 ﾠproportion	 ﾠ(e.g.,	 ﾠ3/5),	 ﾠexhibit	 ﾠactivation	 ﾠ
patterns	 ﾠtraditionally	 ﾠassociated	 ﾠwith	 ﾠa	 ﾠsemantic	 ﾠrepresentation	 ﾠof	 ﾠnumber	 ﾠ(Jacob	 ﾠ&	 ﾠ
Neider,	 ﾠ2009a,	 ﾠ2009b.)	 ﾠ	 ﾠ	 ﾠUsing	 ﾠan	 ﾠfMRI	 ﾠadaptation	 ﾠprocedure	 ﾠin	 ﾠwhich	 ﾠproportions	 ﾠ
of	 ﾠone	 ﾠtype	 ﾠwere	 ﾠrepeatedly	 ﾠpresented,	 ﾠinterspersed	 ﾠwith	 ﾠdeviant	 ﾠproportions,	 ﾠthe	 ﾠ
authors	 ﾠfound	 ﾠthat	 ﾠareas	 ﾠassociated	 ﾠwith	 ﾠencoding	 ﾠof	 ﾠabsolute	 ﾠnumber	 ﾠ(the	 ﾠ
intraparietal	 ﾠsulcus,	 ﾠor	 ﾠIPS)	 ﾠexhibited	 ﾠa	 ﾠrebound	 ﾠin	 ﾠactivation	 ﾠto	 ﾠdeviant	 ﾠproportions,	 ﾠ
and	 ﾠthis	 ﾠactivation	 ﾠincreased	 ﾠas	 ﾠthe	 ﾠdiscrepancy	 ﾠbetween	 ﾠthe	 ﾠtwo	 ﾠproportions	 ﾠ
increased.	 ﾠ	 ﾠFurther,	 ﾠthe	 ﾠeffect	 ﾠwas	 ﾠrobust	 ﾠto	 ﾠformat,	 ﾠindicative	 ﾠof	 ﾠthe	 ﾠhighly-ﾭ‐
conceptual	 ﾠnature	 ﾠof	 ﾠthe	 ﾠproportions.	 ﾠ	 ﾠIt	 ﾠwas	 ﾠfound	 ﾠfor	 ﾠspatial	 ﾠproportions	 ﾠin	 ﾠ
addition	 ﾠto	 ﾠnumerical	 ﾠproportions	 ﾠ(lines	 ﾠof	 ﾠdifferent	 ﾠlengths;	 ﾠJacob	 ﾠ&	 ﾠNieder,	 ﾠ2009a),	 ﾠ
and	 ﾠwhen	 ﾠthe	 ﾠadaption	 ﾠstimuli	 ﾠwere	 ﾠArabic	 ﾠnumerals	 ﾠ(e.g.,	 ﾠ1/4)	 ﾠbut	 ﾠdeviants	 ﾠwere	 ﾠ
presented	 ﾠas	 ﾠwords	 ﾠsuch	 ﾠas	 ﾠone-ﾭ‐half	 ﾠ(Jacob	 ﾠ&	 ﾠNeider,	 ﾠ2009b.)	 ﾠ	 ﾠ(See	 ﾠJacob,	 ﾠVallentin,	 ﾠ
&	 ﾠNieder	 ﾠ(2012)	 ﾠfor	 ﾠa	 ﾠrecent	 ﾠreview	 ﾠof	 ﾠthe	 ﾠneuroscience	 ﾠof	 ﾠproportional	 ﾠreasoning).	 ﾠ
A	 ﾠform	 ﾠof	 ﾠimplicit	 ﾠreasoning	 ﾠabout	 ﾠproportions	 ﾠhas	 ﾠbeen	 ﾠstudied	 ﾠfor	 ﾠseveral	 ﾠ
decades	 ﾠby	 ﾠdevelopmental	 ﾠpsychologists	 ﾠwho	 ﾠaimed	 ﾠto	 ﾠestablish	 ﾠthe	 ﾠarithmetic	 ﾠ
intuitions	 ﾠguiding	 ﾠchildren’s	 ﾠearly	 ﾠdivision	 ﾠreasoning	 ﾠ(Goswami,	 ﾠ1989;	 ﾠJeong,	 ﾠLevine,	 ﾠ
&	 ﾠHuttenlocher,	 ﾠ2007;	 ﾠMix,	 ﾠLevine,	 ﾠ&	 ﾠHuttenlocher	 ﾠ1999;	 ﾠSpinillo	 ﾠ&	 ﾠBryant,	 ﾠ1991;	 ﾠ
Sophian,	 ﾠ2000;	 ﾠPiaget	 ﾠand	 ﾠInhelder,	 ﾠ1956.)	 ﾠ	 ﾠIn	 ﾠthese	 ﾠstudies,	 ﾠchildren	 ﾠas	 ﾠyoung	 ﾠas	 ﾠ
three	 ﾠyears	 ﾠof	 ﾠage	 ﾠare	 ﾠpresented	 ﾠwith	 ﾠone	 ﾠor	 ﾠmore	 ﾠarrays	 ﾠthat	 ﾠexhibit	 ﾠa	 ﾠparticular	 ﾠRunning	 ﾠHead:	 ﾠHalving	 ﾠby	 ﾠMundurucu	 ﾠSpeakers	 ﾠ
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proportion	 ﾠ(e.g.,	 ﾠa	 ﾠrectangle,	 ﾠsquare,	 ﾠand	 ﾠdiamond	 ﾠthat	 ﾠall	 ﾠhave	 ﾠshading	 ﾠon	 ﾠthree	 ﾠ
quarters	 ﾠof	 ﾠtheir	 ﾠsurface	 ﾠarea),	 ﾠand	 ﾠthen	 ﾠmust	 ﾠselect	 ﾠa	 ﾠtest	 ﾠstimulus	 ﾠthat	 ﾠexemplifies	 ﾠ
that	 ﾠsame	 ﾠproportion	 ﾠof	 ﾠshaded	 ﾠarea	 ﾠ(e.g.,	 ﾠa	 ﾠthree-ﾭ‐quarters	 ﾠshaded	 ﾠdiamond.)	 ﾠ	 ﾠ
Despite	 ﾠsome	 ﾠearly	 ﾠevidence	 ﾠby	 ﾠPiaget	 ﾠ&	 ﾠInhelder	 ﾠ(1956)	 ﾠthat	 ﾠchildren	 ﾠperform	 ﾠ
poorly	 ﾠuntil	 ﾠ7	 ﾠor	 ﾠ8	 ﾠyears	 ﾠof	 ﾠage,	 ﾠlater	 ﾠwork	 ﾠwith	 ﾠmore	 ﾠsensitive	 ﾠmeasures	 ﾠrevealed	 ﾠ
that	 ﾠeven	 ﾠpreschoolers	 ﾠcan	 ﾠextract	 ﾠand	 ﾠidentify	 ﾠa	 ﾠcommon	 ﾠproportional	 ﾠrelationship	 ﾠ
between	 ﾠtest	 ﾠand	 ﾠstandard	 ﾠ(Sophian,	 ﾠ2000).	 ﾠ	 ﾠFurther,	 ﾠthe	 ﾠproportion	 ﾠof	 ﾠone-ﾭ‐half	 ﾠ
appears	 ﾠto	 ﾠhold	 ﾠa	 ﾠprivileged	 ﾠplace	 ﾠin	 ﾠthe	 ﾠchild’s	 ﾠmind;	 ﾠchildren	 ﾠcan	 ﾠmost	 ﾠreadily	 ﾠ
grasp	 ﾠthis	 ﾠparticular	 ﾠproportion,	 ﾠand	 ﾠuse	 ﾠit	 ﾠas	 ﾠa	 ﾠboundary	 ﾠto	 ﾠestablish	 ﾠif	 ﾠtwo	 ﾠ
proportions	 ﾠare	 ﾠdiscriminable	 ﾠ(Ball,	 ﾠ1993;	 ﾠMix	 ﾠet	 ﾠal.,	 ﾠ1999;	 ﾠSpinillo	 ﾠ&	 ﾠBryant,	 ﾠ1991),	 ﾠ
leading	 ﾠsome	 ﾠto	 ﾠpropose	 ﾠthat	 ﾠthe	 ﾠprocess	 ﾠof	 ﾠequal	 ﾠsplitting	 ﾠis	 ﾠa	 ﾠconceptual	 ﾠprimitive	 ﾠ
(Confrey,	 ﾠ1994).	 ﾠ
These	 ﾠmethods	 ﾠdemonstrate	 ﾠa	 ﾠsensitivity	 ﾠto	 ﾠnumerical	 ﾠproportions,	 ﾠbut	 ﾠthey	 ﾠ
have	 ﾠseveral	 ﾠlimitations.	 ﾠ	 ﾠFirst,	 ﾠthe	 ﾠabove	 ﾠproportional	 ﾠanalogy	 ﾠtasks	 ﾠdo	 ﾠnot	 ﾠ
preserve	 ﾠthe	 ﾠserial,	 ﾠstep-ﾭ‐by-ﾭ‐step	 ﾠformat	 ﾠof	 ﾠwhole-ﾭ‐number	 ﾠmultiplication	 ﾠand	 ﾠ
division	 ﾠproblems	 ﾠas	 ﾠpresented	 ﾠduring	 ﾠschooling	 ﾠ(a	 ﾠnumber	 ﾠa,	 ﾠacted	 ﾠupon	 ﾠby	 ﾠsome	 ﾠ
factor	 ﾠb,	 ﾠyields	 ﾠoutcome	 ﾠc).	 ﾠTasks	 ﾠthat	 ﾠfollow	 ﾠthis	 ﾠstep-ﾭ‐by-ﾭ‐step	 ﾠstructure	 ﾠcan	 ﾠsupport	 ﾠ
understanding	 ﾠof	 ﾠarithmetic	 ﾠin	 ﾠa	 ﾠschool-ﾭ‐based	 ﾠsetting.	 ﾠ	 ﾠFor	 ﾠexample,	 ﾠGilmore	 ﾠet	 ﾠal.	 ﾠ
(2007)	 ﾠfound	 ﾠthat	 ﾠfive-ﾭ‐	 ﾠand	 ﾠsix-ﾭ‐year-ﾭ‐old	 ﾠchildren	 ﾠwho	 ﾠhave	 ﾠno	 ﾠformal	 ﾠarithmetic	 ﾠ
knowledge	 ﾠperformed	 ﾠwell	 ﾠwhen	 ﾠpresented	 ﾠwith	 ﾠvisualized,	 ﾠnarrated	 ﾠdepictions	 ﾠof	 ﾠ
an	 ﾠaddition	 ﾠor	 ﾠsubtraction	 ﾠscenario	 ﾠsuch	 ﾠas	 ﾠthe	 ﾠfollowing:	 ﾠ“Sarah	 ﾠhas	 ﾠfifteen	 ﾠcandles	 ﾠ
and	 ﾠshe	 ﾠgets	 ﾠnineteen	 ﾠmore,	 ﾠJohn	 ﾠhas	 ﾠfifty-ﾭ‐one	 ﾠcandles.	 ﾠ	 ﾠWho	 ﾠhas	 ﾠmore?”	 ﾠ	 ﾠTheir	 ﾠ
performance	 ﾠwas	 ﾠdictated	 ﾠby	 ﾠthe	 ﾠratio	 ﾠof	 ﾠthe	 ﾠactual	 ﾠoutcome	 ﾠ(Sarah’s	 ﾠtotal)	 ﾠand	 ﾠRunning	 ﾠHead:	 ﾠHalving	 ﾠby	 ﾠMundurucu	 ﾠSpeakers	 ﾠ
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comparison	 ﾠamount	 ﾠ(John’s	 ﾠtotal),	 ﾠsuggesting	 ﾠthat	 ﾠkindergarten	 ﾠchildren	 ﾠrecruit	 ﾠthe	 ﾠ
ANS	 ﾠwhen	 ﾠpresented	 ﾠwith	 ﾠchallenging	 ﾠaddition	 ﾠand	 ﾠsubtraction	 ﾠproblems	 ﾠin	 ﾠa	 ﾠ
symbolic	 ﾠformat.	 ﾠ
Second,	 ﾠwith	 ﾠfew	 ﾠexceptions	 ﾠ(McCrink	 ﾠ&	 ﾠWynn,	 ﾠ2007),	 ﾠthese	 ﾠproportional	 ﾠ
analogy	 ﾠand	 ﾠprobability	 ﾠtasks	 ﾠtap	 ﾠinto	 ﾠsubjects’	 ﾠconceptions	 ﾠof	 ﾠspace	 ﾠand	 ﾠspatial	 ﾠ
variables	 ﾠ(mainly,	 ﾠarea)	 ﾠinstead	 ﾠof	 ﾠabstract	 ﾠrepresentations	 ﾠof	 ﾠnumber.	 ﾠ	 ﾠFor	 ﾠexample,	 ﾠ
Sophian	 ﾠ(2000)	 ﾠpresented	 ﾠchildren	 ﾠpictures	 ﾠof	 ﾠa	 ﾠsketched	 ﾠfigure	 ﾠwith	 ﾠa	 ﾠparticular	 ﾠ
proportion	 ﾠof	 ﾠhead:body,	 ﾠand	 ﾠthen	 ﾠhad	 ﾠchildren	 ﾠchoose	 ﾠfrom	 ﾠtwo	 ﾠsmaller	 ﾠtest	 ﾠ
stimuli	 ﾠthe	 ﾠpicture	 ﾠwhich	 ﾠexemplified	 ﾠthe	 ﾠsame	 ﾠproportion.	 ﾠ	 ﾠSuch	 ﾠa	 ﾠproportional	 ﾠ
homology	 ﾠtask	 ﾠis	 ﾠa	 ﾠcalculation	 ﾠthat-ﾭ‐	 ﾠat	 ﾠsome	 ﾠlevel-ﾭ‐	 ﾠmust	 ﾠinvolve	 ﾠa	 ﾠdivision-ﾭ‐based	 ﾠ
process,	 ﾠand	 ﾠit	 ﾠis	 ﾠimpressive	 ﾠthat	 ﾠpreschoolers	 ﾠwith	 ﾠno	 ﾠformal	 ﾠeducation	 ﾠcan	 ﾠmake	 ﾠ
this	 ﾠinference.	 ﾠ	 ﾠHowever,	 ﾠthis	 ﾠinference	 ﾠdoes	 ﾠnot	 ﾠspeak	 ﾠto	 ﾠreasoning	 ﾠabout	 ﾠnumerical	 ﾠ
magnitudes	 ﾠas	 ﾠdistinct	 ﾠfrom	 ﾠother	 ﾠtypes	 ﾠof	 ﾠquantity,	 ﾠand	 ﾠit	 ﾠdoes	 ﾠnot	 ﾠpreserve	 ﾠthe	 ﾠ
serial,	 ﾠexplicit	 ﾠnature	 ﾠthat	 ﾠmay	 ﾠassist	 ﾠin	 ﾠformal	 ﾠeducation	 ﾠlater	 ﾠin	 ﾠlife.	 ﾠ
Studies	 ﾠof	 ﾠinfants	 ﾠand	 ﾠyoung	 ﾠchildren,	 ﾠusing	 ﾠvideo-ﾭ‐based	 ﾠevents	 ﾠin	 ﾠwhich	 ﾠ
non-ﾭ‐symbolic	 ﾠarrays	 ﾠof	 ﾠobjects	 ﾠare	 ﾠadded	 ﾠto,	 ﾠand	 ﾠsubtracted	 ﾠfrom,	 ﾠother	 ﾠarrays	 ﾠof	 ﾠ
objects,	 ﾠsuggest	 ﾠan	 ﾠalternative	 ﾠmeans	 ﾠto	 ﾠdepict	 ﾠthese	 ﾠoperations	 ﾠ(Barth	 ﾠet	 ﾠal.,	 ﾠ2005,	 ﾠ
2006;	 ﾠMcCrink	 ﾠ&	 ﾠWynn,	 ﾠ2004,	 ﾠ2009).	 ﾠ	 ﾠThis	 ﾠmethod	 ﾠhas	 ﾠbeen	 ﾠadapted	 ﾠto	 ﾠconvey	 ﾠthe	 ﾠ
operations	 ﾠof	 ﾠmultiplication	 ﾠand	 ﾠdivision	 ﾠin	 ﾠa	 ﾠconcrete,	 ﾠserial,	 ﾠnon-ﾭ‐symbolic	 ﾠfashion	 ﾠ
in	 ﾠwhich	 ﾠchildren	 ﾠcompute	 ﾠover	 ﾠexplicitly-ﾭ‐numerical	 ﾠrepresentations	 ﾠfrom	 ﾠthe	 ﾠANS,	 ﾠ
controlling	 ﾠfor	 ﾠco-ﾭ‐varying	 ﾠnon-ﾭ‐numerical	 ﾠfactors	 ﾠ(Barth	 ﾠet	 ﾠal.,	 ﾠ2009,	 ﾠMcCrink	 ﾠ&	 ﾠ
Spelke,	 ﾠ2010,	 ﾠsubmitted).	 ﾠ	 ﾠIn	 ﾠthese	 ﾠstudies,	 ﾠ5-ﾭ‐7-ﾭ‐year-ﾭ‐old	 ﾠWestern	 ﾠchildren	 ﾠwho	 ﾠhave	 ﾠ
no	 ﾠformal	 ﾠeducation	 ﾠin	 ﾠmultiplication	 ﾠor	 ﾠdivision	 ﾠwere	 ﾠable	 ﾠto	 ﾠscale	 ﾠan	 ﾠestimated	 ﾠRunning	 ﾠHead:	 ﾠHalving	 ﾠby	 ﾠMundurucu	 ﾠSpeakers	 ﾠ
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non-ﾭ‐symbolic	 ﾠamount	 ﾠby	 ﾠa	 ﾠmultiplicative	 ﾠor	 ﾠdivisive	 ﾠfactor.	 ﾠ	 ﾠThe	 ﾠchildren	 ﾠwere	 ﾠable	 ﾠ
to	 ﾠhalve,	 ﾠdouble,	 ﾠquadruple,	 ﾠquarter,	 ﾠand	 ﾠeven	 ﾠmultiply	 ﾠby	 ﾠan	 ﾠuneven	 ﾠfactor	 ﾠof	 ﾠ2.5	 ﾠa	 ﾠ
series	 ﾠof	 ﾠlarge,	 ﾠapproximate	 ﾠnumerical	 ﾠvalues	 ﾠsuch	 ﾠas	 ﾠ12	 ﾠor	 ﾠ24,	 ﾠsuggesting	 ﾠthat	 ﾠthis	 ﾠ
fundamental	 ﾠcore	 ﾠscaling	 ﾠability	 ﾠis	 ﾠsupported	 ﾠby	 ﾠthe	 ﾠANS	 ﾠalongside	 ﾠaddition	 ﾠand	 ﾠ
subtraction.”	 ﾠ
Although	 ﾠthis	 ﾠscaling	 ﾠprocess	 ﾠwas	 ﾠnot	 ﾠtaught	 ﾠin	 ﾠschool,	 ﾠit	 ﾠis	 ﾠunclear	 ﾠto	 ﾠwhat	 ﾠ
extent	 ﾠchildren's	 ﾠperformance	 ﾠdepended	 ﾠon	 ﾠcount	 ﾠlists	 ﾠand	 ﾠother	 ﾠprecise	 ﾠ
mechanisms	 ﾠfor	 ﾠtracking	 ﾠand	 ﾠreasoning	 ﾠabout	 ﾠnumber.	 ﾠ	 ﾠAlthough	 ﾠthe	 ﾠchildren	 ﾠwho	 ﾠ
have	 ﾠshown	 ﾠthis	 ﾠability	 ﾠwere	 ﾠscreened	 ﾠto	 ﾠhave	 ﾠno	 ﾠformal	 ﾠeducation	 ﾠin	 ﾠmultiplication	 ﾠ
and	 ﾠdivision,	 ﾠand	 ﾠthe	 ﾠarrays	 ﾠwere	 ﾠdesigned	 ﾠto	 ﾠbe	 ﾠuncountable	 ﾠgiven	 ﾠtime	 ﾠconstraints,	 ﾠ
there	 ﾠis	 ﾠan	 ﾠemphasis	 ﾠon	 ﾠmathematics	 ﾠfrom	 ﾠa	 ﾠvery	 ﾠearly	 ﾠage	 ﾠin	 ﾠAmerican	 ﾠculture.	 ﾠ	 ﾠ
Parental	 ﾠcoaching,	 ﾠbooks,	 ﾠand	 ﾠeven	 ﾠtelevision	 ﾠshows	 ﾠ(e.g.,	 ﾠSesame	 ﾠStreet)	 ﾠgeared	 ﾠ
towards	 ﾠinfants	 ﾠand	 ﾠpreschoolers	 ﾠhighlight	 ﾠcounting,	 ﾠrepeated	 ﾠset	 ﾠadding,	 ﾠand	 ﾠ
proportional	 ﾠequivalence	 ﾠacross	 ﾠobjects	 ﾠand	 ﾠarrays.	 ﾠThus,	 ﾠthe	 ﾠprevious	 ﾠresearch	 ﾠ
leaves	 ﾠopen	 ﾠthe	 ﾠpossibility	 ﾠthat	 ﾠeducation	 ﾠor	 ﾠenculturation,	 ﾠrather	 ﾠthan	 ﾠintuitive	 ﾠ
number	 ﾠsense,	 ﾠis	 ﾠresponsible	 ﾠfor	 ﾠyoung	 ﾠchildren’s	 ﾠcompetence	 ﾠwith	 ﾠapproximate	 ﾠ
multiplication	 ﾠand	 ﾠdivision.	 ﾠ	 ﾠIn	 ﾠthe	 ﾠpresent	 ﾠresearch,	 ﾠwe	 ﾠtherefore	 ﾠsought	 ﾠto	 ﾠ
determine	 ﾠwhether	 ﾠintuitions	 ﾠof	 ﾠapproximate	 ﾠdivision	 ﾠover	 ﾠnon-ﾭ‐symbolic,	 ﾠestimated	 ﾠ
quantities	 ﾠwould	 ﾠbe	 ﾠavailable	 ﾠto	 ﾠchildren	 ﾠin	 ﾠan	 ﾠindigenous	 ﾠAmazonian	 ﾠtribe,	 ﾠwho	 ﾠ
speak	 ﾠthe	 ﾠMundurucu	 ﾠlanguage	 ﾠand	 ﾠhave	 ﾠlimited	 ﾠand	 ﾠvariable	 ﾠaccess	 ﾠto	 ﾠformal	 ﾠ
schooling.	 ﾠ	 ﾠThe	 ﾠMundurucu	 ﾠlanguage	 ﾠhas	 ﾠunique	 ﾠnumber	 ﾠwords	 ﾠonly	 ﾠfor	 ﾠthe	 ﾠ
numbers	 ﾠ1	 ﾠthrough	 ﾠ5.	 ﾠMundurucu	 ﾠchildren	 ﾠhave	 ﾠhighly	 ﾠvariable	 ﾠaccess	 ﾠto	 ﾠeducation,	 ﾠ
rulers,	 ﾠgraphs,	 ﾠand	 ﾠother	 ﾠmeasurement	 ﾠdevices.	 ﾠ	 ﾠHowever,	 ﾠthe	 ﾠMundurucu	 ﾠdo	 ﾠRunning	 ﾠHead:	 ﾠHalving	 ﾠby	 ﾠMundurucu	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possess	 ﾠintuitive	 ﾠconcepts	 ﾠof	 ﾠnumber,	 ﾠand	 ﾠthey	 ﾠshare	 ﾠfoundational	 ﾠarithmetic	 ﾠ
capacities	 ﾠwith	 ﾠWesternized	 ﾠpopulations,	 ﾠdespite	 ﾠlacking	 ﾠovert	 ﾠand	 ﾠprecise	 ﾠsymbols	 ﾠ
for	 ﾠlarge	 ﾠnumbers	 ﾠor	 ﾠmathematical	 ﾠoperations	 ﾠ(Dehaene	 ﾠet	 ﾠal.,	 ﾠ2008;	 ﾠPica	 ﾠet	 ﾠal.,	 ﾠ
2004).	 ﾠ	 ﾠIf	 ﾠthe	 ﾠability	 ﾠto	 ﾠscale	 ﾠlarge	 ﾠnumerical	 ﾠquantities	 ﾠis	 ﾠa	 ﾠfundamental	 ﾠcapacity	 ﾠ
operating	 ﾠover	 ﾠANS	 ﾠrepresentations,	 ﾠit	 ﾠshould	 ﾠbe	 ﾠpresent	 ﾠin	 ﾠMundurucu	 ﾠsubjects.	 ﾠ
	 ﾠ
Method	 ﾠ
	 ﾠ
The	 ﾠsubjects	 ﾠwere	 ﾠshown	 ﾠvideotaped	 ﾠevents	 ﾠdepicting	 ﾠa	 ﾠnon-ﾭ‐symbolic	 ﾠscaling	 ﾠ
factor	 ﾠof	 ﾠone-ﾭ‐half.	 ﾠ	 ﾠIn	 ﾠorder	 ﾠto	 ﾠestablish	 ﾠthe	 ﾠscaling	 ﾠfactor,	 ﾠrectangles	 ﾠwere	 ﾠshown	 ﾠ
which,	 ﾠafter	 ﾠa	 ﾠwave	 ﾠof	 ﾠa	 ﾠcomputerized	 ﾠwand,	 ﾠcoalesced	 ﾠinto	 ﾠa	 ﾠsingle	 ﾠrectangle	 ﾠwhich	 ﾠ
grew,	 ﾠshrank,	 ﾠand	 ﾠmoved	 ﾠindependently	 ﾠafter	 ﾠthe	 ﾠtransformation.	 ﾠ	 ﾠArrays	 ﾠof	 ﾠvarious	 ﾠ
large	 ﾠquantities	 ﾠof	 ﾠrectangles	 ﾠwere	 ﾠthen	 ﾠshown,	 ﾠoccluded,	 ﾠand	 ﾠtransformed.	 ﾠ	 ﾠAfter	 ﾠa	 ﾠ
comparison	 ﾠarray	 ﾠappeared	 ﾠon	 ﾠthe	 ﾠother	 ﾠside	 ﾠof	 ﾠthe	 ﾠscreen,	 ﾠthe	 ﾠsubjects	 ﾠindicated	 ﾠ
whether	 ﾠthis	 ﾠarray,	 ﾠor	 ﾠthe	 ﾠoccluded	 ﾠtransformed	 ﾠarray,	 ﾠwas	 ﾠmore	 ﾠnumerous.	 ﾠ	 ﾠThis	 ﾠ
comparison	 ﾠarray	 ﾠdiffered	 ﾠfrom	 ﾠthe	 ﾠcorrect	 ﾠoutcome	 ﾠby	 ﾠa	 ﾠfactor	 ﾠof	 ﾠ1.5	 ﾠor	 ﾠ2.0	 ﾠ(the	 ﾠ
Weber	 ﾠratio,	 ﾠor	 ﾠWR.)	 ﾠ	 ﾠIf	 ﾠthese	 ﾠindividuals	 ﾠwere	 ﾠable	 ﾠto	 ﾠmentally	 ﾠtransform	 ﾠthe	 ﾠinitial	 ﾠ
array,	 ﾠthey	 ﾠwould	 ﾠbe	 ﾠabove	 ﾠchance	 ﾠat	 ﾠchoosing	 ﾠwhich	 ﾠwas	 ﾠmore	 ﾠnumerous.	 ﾠ	 ﾠFor	 ﾠthe	 ﾠ
initial	 ﾠset	 ﾠof	 ﾠtraining	 ﾠtrials,	 ﾠcues	 ﾠto	 ﾠcontinuous	 ﾠextent	 ﾠ(such	 ﾠas	 ﾠarea	 ﾠand	 ﾠcontour	 ﾠ
length)	 ﾠwere	 ﾠconfounded	 ﾠwith	 ﾠnumber;	 ﾠfor	 ﾠthe	 ﾠfinal	 ﾠset	 ﾠof	 ﾠtesting	 ﾠtrials,	 ﾠthese	 ﾠcues	 ﾠ
were	 ﾠcontrolled	 ﾠsuch	 ﾠthat	 ﾠonly	 ﾠnumerical	 ﾠdivision	 ﾠof	 ﾠthe	 ﾠinitial	 ﾠarray	 ﾠwould	 ﾠyield	 ﾠ
above-ﾭ‐chance	 ﾠperformance.	 ﾠ	 ﾠBoth	 ﾠthe	 ﾠmanipulation	 ﾠof	 ﾠWR,	 ﾠand	 ﾠcontrol	 ﾠof	 ﾠco-ﾭ‐varying	 ﾠ
perceptual	 ﾠfactors	 ﾠto	 ﾠensure	 ﾠnumerical	 ﾠcalculations	 ﾠper	 ﾠse,	 ﾠwere	 ﾠincluded	 ﾠin	 ﾠorder	 ﾠto	 ﾠRunning	 ﾠHead:	 ﾠHalving	 ﾠby	 ﾠMundurucu	 ﾠSpeakers	 ﾠ
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test	 ﾠthe	 ﾠspecific	 ﾠhypothesis	 ﾠthat	 ﾠthe	 ﾠANS	 ﾠin	 ﾠparticular	 ﾠis	 ﾠunderlying	 ﾠthe	 ﾠnumerical	 ﾠ
representations	 ﾠand	 ﾠcalculations	 ﾠnecessary	 ﾠto	 ﾠcomplete	 ﾠthis	 ﾠtask.	 ﾠ	 ﾠGiven	 ﾠprevious	 ﾠ
work	 ﾠon	 ﾠthe	 ﾠnature,	 ﾠfunction,	 ﾠand	 ﾠtheory	 ﾠof	 ﾠthe	 ﾠANS,	 ﾠwe	 ﾠpredicted	 ﾠthat	 ﾠa)	 ﾠ
performance	 ﾠwill	 ﾠdecrease	 ﾠas	 ﾠthe	 ﾠWeber	 ﾠratio	 ﾠdecreases,	 ﾠand	 ﾠb)	 ﾠchildren	 ﾠwill	 ﾠstill	 ﾠ
succeed	 ﾠin	 ﾠthis	 ﾠtask	 ﾠeven	 ﾠwhen	 ﾠnon-ﾭ‐numerical	 ﾠvariables	 ﾠare	 ﾠunavailable	 ﾠfor	 ﾠ
computation.	 ﾠ
	 ﾠ
Subjects.	 ﾠ	 ﾠFifteen	 ﾠMundurucu	 ﾠchildren	 ﾠparticipated	 ﾠin	 ﾠthis	 ﾠexperiment	 ﾠ(age	 ﾠrange	 ﾠ7-ﾭ‐
11	 ﾠyears,	 ﾠmean	 ﾠage	 ﾠ9	 ﾠyears.)	 ﾠ	 ﾠThese	 ﾠsubjects	 ﾠwere	 ﾠall	 ﾠnative	 ﾠspeakers	 ﾠof	 ﾠMundurucu.	 ﾠ	 ﾠ
They	 ﾠhad	 ﾠvarying	 ﾠdegrees	 ﾠof	 ﾠeducation,	 ﾠwith	 ﾠ7	 ﾠsubjects	 ﾠpossessing	 ﾠsome	 ﾠlevel	 ﾠof	 ﾠ
schooling	 ﾠ(2	 ﾠsubjects	 ﾠwere	 ﾠin	 ﾠYear	 ﾠ1,	 ﾠ3	 ﾠin	 ﾠYear	 ﾠ2,	 ﾠand	 ﾠ2	 ﾠin	 ﾠYear	 ﾠ3.)	 ﾠ	 ﾠThe	 ﾠexperiment	 ﾠ
was	 ﾠconducted	 ﾠin	 ﾠthe	 ﾠMundurucu	 ﾠlanguage	 ﾠto	 ﾠminimize	 ﾠthe	 ﾠeffects	 ﾠof	 ﾠthis	 ﾠschooling,	 ﾠ
and	 ﾠthe	 ﾠsubjects	 ﾠhad	 ﾠnot	 ﾠyet	 ﾠlearned	 ﾠany	 ﾠterms	 ﾠfor	 ﾠdivision	 ﾠor	 ﾠmultiplication	 ﾠin	 ﾠtheir	 ﾠ
schooling.	 ﾠ	 ﾠYears	 ﾠ1	 ﾠand	 ﾠ2	 ﾠare	 ﾠdevoted	 ﾠto	 ﾠreading	 ﾠand	 ﾠwriting	 ﾠsingle	 ﾠletters,	 ﾠand	 ﾠ
formulating	 ﾠwords	 ﾠand	 ﾠbasic	 ﾠsentences,	 ﾠrespectively.	 ﾠ	 ﾠIn	 ﾠYear	 ﾠ3	 ﾠthey	 ﾠare	 ﾠintroduced	 ﾠ
to	 ﾠwords	 ﾠand	 ﾠsymbols	 ﾠfor	 ﾠprecise	 ﾠlarge	 ﾠnumbers.	 ﾠ	 ﾠRecent	 ﾠwork	 ﾠby	 ﾠPiazza	 ﾠet	 ﾠal.	 ﾠ(in	 ﾠ
press)	 ﾠhas	 ﾠestablished	 ﾠthat	 ﾠthe	 ﾠthird	 ﾠyear,	 ﾠwhen	 ﾠrudiments	 ﾠof	 ﾠformal	 ﾠarithmetic	 ﾠare	 ﾠ
introduced,	 ﾠleads	 ﾠto	 ﾠsubstantial	 ﾠimprovements	 ﾠin	 ﾠANS	 ﾠacuity,	 ﾠrelative	 ﾠto	 ﾠuneducated	 ﾠ
Mundurucu	 ﾠspeakers.	 ﾠ	 ﾠ	 ﾠ
	 ﾠ
Displays	 ﾠ&	 ﾠProcedure.	 ﾠ
	 ﾠ Scaling	 ﾠfactor	 ﾠintroduction.	 ﾠ	 ﾠThe	 ﾠchild	 ﾠand	 ﾠexperimenter	 ﾠwatched	 ﾠthe	 ﾠvideo	 ﾠ
displays	 ﾠon	 ﾠa	 ﾠMacintosh	 ﾠlaptop	 ﾠcomputer.	 ﾠ	 ﾠThe	 ﾠchildren	 ﾠfirst	 ﾠviewed	 ﾠa	 ﾠdisplay	 ﾠRunning	 ﾠHead:	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 ﾠby	 ﾠMundurucu	 ﾠSpeakers	 ﾠ
	 ﾠ 11	 ﾠ
consisting	 ﾠof	 ﾠtwo	 ﾠblue	 ﾠrectangles,	 ﾠwhich	 ﾠgrew	 ﾠand	 ﾠshrank	 ﾠfor	 ﾠseveral	 ﾠseconds	 ﾠbefore	 ﾠ
becoming	 ﾠstationary.	 ﾠ	 ﾠAn	 ﾠanimated	 ﾠwand	 ﾠappeared	 ﾠand,	 ﾠafter	 ﾠseveral	 ﾠseconds	 ﾠof	 ﾠ
waving,	 ﾠthe	 ﾠtwo	 ﾠrectangles	 ﾠbecame	 ﾠcomparably-ﾭ‐sized	 ﾠand	 ﾠjoined	 ﾠinto	 ﾠone	 ﾠrectangle.	 ﾠ	 ﾠ	 ﾠ
When	 ﾠtesting	 ﾠchildren	 ﾠfrom	 ﾠthe	 ﾠUnited	 ﾠStates	 ﾠin	 ﾠthis	 ﾠparadigm,	 ﾠwe	 ﾠinvoke	 ﾠthe	 ﾠ
concept	 ﾠof	 ﾠa	 ﾠmagic	 ﾠwand.	 ﾠ	 ﾠFor	 ﾠthe	 ﾠMundurucu	 ﾠspeakers	 ﾠit	 ﾠwas	 ﾠaccompanied	 ﾠby	 ﾠthe	 ﾠ
spoken	 ﾠterm	 ﾠ“motion”,	 ﾠas	 ﾠwe	 ﾠdiscovered	 ﾠduring	 ﾠconversations	 ﾠbefore	 ﾠtesting	 ﾠthat	 ﾠ
there	 ﾠis	 ﾠno	 ﾠsuch	 ﾠthing	 ﾠas	 ﾠa	 ﾠ“magic	 ﾠwand”	 ﾠin	 ﾠtheir	 ﾠculture.	 ﾠ	 ﾠThe	 ﾠexperimenter	 ﾠ
exclaimed	 ﾠ“Look!	 ﾠ“	 ﾠand	 ﾠdirected	 ﾠthe	 ﾠchild’s	 ﾠattention	 ﾠto	 ﾠthe	 ﾠscreen.	 ﾠ	 ﾠThe	 ﾠchild	 ﾠthen	 ﾠ
saw	 ﾠa	 ﾠvideo	 ﾠthat	 ﾠwas	 ﾠidentical	 ﾠto	 ﾠthe	 ﾠprevious	 ﾠvideo,	 ﾠbut	 ﾠnow	 ﾠthe	 ﾠrectangles	 ﾠwere	 ﾠ
occluded	 ﾠduring	 ﾠthe	 ﾠwaving	 ﾠof	 ﾠthe	 ﾠwand.	 ﾠ	 ﾠIn	 ﾠthis	 ﾠway	 ﾠthe	 ﾠchild	 ﾠsaw	 ﾠthe	 ﾠactual	 ﾠ
merging	 ﾠof	 ﾠthe	 ﾠrectangles	 ﾠvia	 ﾠthe	 ﾠwand,	 ﾠand	 ﾠsaw	 ﾠan	 ﾠexample	 ﾠof	 ﾠthat	 ﾠmerging	 ﾠ
occurring	 ﾠunder	 ﾠocclusion.	 ﾠ 	 ﾠ
	 ﾠ Training	 ﾠblock.	 ﾠ	 ﾠDuring	 ﾠtraining,	 ﾠchildren	 ﾠsaw	 ﾠa	 ﾠlarge	 ﾠnumber	 ﾠof	 ﾠblue	 ﾠ
rectangles	 ﾠon	 ﾠthe	 ﾠleft	 ﾠside	 ﾠof	 ﾠthe	 ﾠscreen.	 ﾠ	 ﾠAfter	 ﾠseveral	 ﾠseconds,	 ﾠan	 ﾠoccluder	 ﾠcovered	 ﾠ
the	 ﾠarray.	 ﾠ	 ﾠThe	 ﾠwand	 ﾠthen	 ﾠcame	 ﾠout	 ﾠand	 ﾠwaved	 ﾠover	 ﾠthe	 ﾠoccluded	 ﾠarray,	 ﾠwhile	 ﾠthe	 ﾠ
experimenter	 ﾠexclaimed	 ﾠ“Look!”	 ﾠto	 ﾠdirect	 ﾠthe	 ﾠchild’s	 ﾠattention	 ﾠto	 ﾠthe	 ﾠscreen.	 ﾠ	 ﾠA	 ﾠ
comparison	 ﾠarray	 ﾠcomposed	 ﾠof	 ﾠpink	 ﾠsquares	 ﾠcame	 ﾠdown	 ﾠon	 ﾠthe	 ﾠright	 ﾠside	 ﾠof	 ﾠthe	 ﾠ
screen.	 ﾠ	 ﾠThese	 ﾠsquares	 ﾠwere	 ﾠof	 ﾠidentical	 ﾠsize	 ﾠand	 ﾠdensity	 ﾠ(1	 ﾠcm2	 ﾠarea,	 ﾠ4	 ﾠcm	 ﾠcontour	 ﾠ
length,	 ﾠ25	 ﾠsquares	 ﾠper	 ﾠ100	 ﾠcm2	 ﾠarea	 ﾠacross	 ﾠall	 ﾠtraining	 ﾠtrials).	 ﾠ	 ﾠThe	 ﾠchildren	 ﾠwere	 ﾠ
asked	 ﾠto	 ﾠpoint	 ﾠwhere	 ﾠthey	 ﾠthought	 ﾠthere	 ﾠwere	 ﾠmore	 ﾠrectangles,	 ﾠthe	 ﾠexperimenter	 ﾠ
recorded	 ﾠtheir	 ﾠanswers,	 ﾠand	 ﾠthen	 ﾠthe	 ﾠscreen	 ﾠdropped	 ﾠand	 ﾠthe	 ﾠchildren	 ﾠlearned	 ﾠ
whether	 ﾠthey	 ﾠanswered	 ﾠcorrectly.	 ﾠ	 ﾠTo	 ﾠcontrol	 ﾠfor	 ﾠexperimenter	 ﾠbias,	 ﾠthe	 ﾠ
experimenter	 ﾠsat	 ﾠnext	 ﾠto	 ﾠthe	 ﾠchild	 ﾠand	 ﾠseveral	 ﾠfeet	 ﾠaway	 ﾠfrom	 ﾠthe	 ﾠscreen,	 ﾠand	 ﾠRunning	 ﾠHead:	 ﾠHalving	 ﾠby	 ﾠMundurucu	 ﾠSpeakers	 ﾠ
	 ﾠ 12	 ﾠ
phrased	 ﾠthe	 ﾠquestion	 ﾠneutrally	 ﾠ(“Where	 ﾠare	 ﾠthere	 ﾠmore	 ﾠnow?”).	 ﾠ	 ﾠIn	 ﾠthese	 ﾠtraining	 ﾠ
trials,	 ﾠthe	 ﾠarea	 ﾠof	 ﾠthe	 ﾠcomparison	 ﾠarray	 ﾠand	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠobjects	 ﾠwere	 ﾠconfounded.	 ﾠ	 ﾠ
For	 ﾠexample,	 ﾠthe	 ﾠsubject	 ﾠwould	 ﾠsee	 ﾠan	 ﾠarray	 ﾠof	 ﾠ24	 ﾠobjects	 ﾠ(~27	 ﾠcm2	 ﾠarea,	 ﾠ~120	 ﾠcm	 ﾠ
contour	 ﾠlength)	 ﾠbecome	 ﾠoccluded	 ﾠand	 ﾠtransformed,	 ﾠthen	 ﾠa	 ﾠcomparison	 ﾠarray	 ﾠof	 ﾠ6	 ﾠ
squares	 ﾠwould	 ﾠappear	 ﾠon	 ﾠthe	 ﾠright	 ﾠside	 ﾠof	 ﾠthe	 ﾠscreen	 ﾠ(6	 ﾠcm2	 ﾠarea,	 ﾠ24	 ﾠcm	 ﾠcontour	 ﾠ
length,	 ﾠdensity	 ﾠof	 ﾠ~25	 ﾠsquares	 ﾠper	 ﾠ100cm2	 ﾠenvelope).	 ﾠ	 ﾠAfter	 ﾠa	 ﾠgiven	 ﾠresponse,	 ﾠthe	 ﾠ
occluder	 ﾠdropped	 ﾠto	 ﾠreveal	 ﾠthe	 ﾠoutcome	 ﾠof	 ﾠ12	 ﾠrectangles	 ﾠ(the	 ﾠoriginal	 ﾠoutcome	 ﾠ
array,	 ﾠwith	 ﾠeach	 ﾠobject	 ﾠcoalesced	 ﾠwith	 ﾠanother	 ﾠcomparably-ﾭ‐sized	 ﾠobject,	 ﾠfor	 ﾠa	 ﾠtotal	 ﾠ
of	 ﾠ~27	 ﾠcm2	 ﾠarea,	 ﾠ~100	 ﾠcm	 ﾠcontour	 ﾠlength	 ﾠdue	 ﾠto	 ﾠthe	 ﾠjoining	 ﾠof	 ﾠobjects.)	 ﾠ	 ﾠIn	 ﾠthis	 ﾠway,	 ﾠ
the	 ﾠsize	 ﾠof	 ﾠthe	 ﾠcomparison	 ﾠarray	 ﾠin	 ﾠterms	 ﾠof	 ﾠoverall	 ﾠarea	 ﾠand	 ﾠcontour	 ﾠlength	 ﾠdiffered	 ﾠ
along	 ﾠwith	 ﾠnumerical	 ﾠquantity:	 ﾠ	 ﾠthe	 ﾠcomparison	 ﾠarrays	 ﾠthat	 ﾠwere	 ﾠleast	 ﾠnumerous	 ﾠ
were	 ﾠphysically	 ﾠalso	 ﾠthe	 ﾠsmallest.	 ﾠ
	 ﾠ Testing	 ﾠblock.	 ﾠ	 ﾠThe	 ﾠtest	 ﾠtrials	 ﾠwere	 ﾠsimilar	 ﾠto	 ﾠthe	 ﾠtraining	 ﾠtrials,	 ﾠexcept	 ﾠthat	 ﾠa)	 ﾠ
subjects	 ﾠdid	 ﾠnot	 ﾠsee	 ﾠthe	 ﾠfinal	 ﾠoutcome,	 ﾠand	 ﾠthey	 ﾠwere	 ﾠnot	 ﾠtold	 ﾠwhether	 ﾠthey	 ﾠ
answered	 ﾠcorrectly	 ﾠ(e.g.	 ﾠthe	 ﾠscreen	 ﾠcovering	 ﾠthe	 ﾠoutcome	 ﾠnever	 ﾠdropped	 ﾠto	 ﾠshow	 ﾠ
the	 ﾠcorrect	 ﾠanswer),	 ﾠb)	 ﾠarea	 ﾠand	 ﾠcontour	 ﾠlength	 ﾠof	 ﾠthe	 ﾠcomparison	 ﾠarrays	 ﾠwas	 ﾠno	 ﾠ
longer	 ﾠconfounded	 ﾠwith	 ﾠnumber,	 ﾠso	 ﾠcorrect	 ﾠresponses	 ﾠcould	 ﾠonly	 ﾠbe	 ﾠbased	 ﾠon	 ﾠ
numerical	 ﾠvariables	 ﾠper	 ﾠse,	 ﾠand	 ﾠc)	 ﾠnew	 ﾠvalues	 ﾠwere	 ﾠused	 ﾠto	 ﾠavoid	 ﾠany	 ﾠrote	 ﾠlearning	 ﾠ
that	 ﾠmay	 ﾠhave	 ﾠcarried	 ﾠover	 ﾠfrom	 ﾠtraining.	 ﾠ	 ﾠFor	 ﾠexample,	 ﾠa	 ﾠsubject	 ﾠmight	 ﾠsee	 ﾠan	 ﾠinitial	 ﾠ
array	 ﾠof	 ﾠ16	 ﾠobjects	 ﾠ(~28	 ﾠcm2	 ﾠarea,	 ﾠ130	 ﾠcm	 ﾠcontour	 ﾠlength),	 ﾠand	 ﾠthen	 ﾠa	 ﾠcomparison	 ﾠ
array	 ﾠof	 ﾠ4	 ﾠobjects	 ﾠ(~35	 ﾠcm2	 ﾠarea,	 ﾠ100	 ﾠcm	 ﾠcontour	 ﾠlength).	 ﾠ	 ﾠOn	 ﾠa	 ﾠlater	 ﾠtrial,	 ﾠthey	 ﾠ
would	 ﾠsee	 ﾠa	 ﾠsimilar	 ﾠinitial	 ﾠarray	 ﾠof	 ﾠ16	 ﾠobjects,	 ﾠslightly	 ﾠrotated	 ﾠor	 ﾠreconfigured,	 ﾠand	 ﾠ
then	 ﾠa	 ﾠcomparison	 ﾠarray	 ﾠof	 ﾠ12	 ﾠobjects	 ﾠ(also	 ﾠ~35	 ﾠcm2	 ﾠarea,	 ﾠ100	 ﾠcm	 ﾠcontour	 ﾠlength.)	 ﾠ	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 ﾠHead:	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The	 ﾠextent	 ﾠdimensions	 ﾠfor	 ﾠthe	 ﾠcomparison	 ﾠarrays,	 ﾠwhich	 ﾠwere	 ﾠidentical	 ﾠacross	 ﾠall	 ﾠ
distance	 ﾠtypes	 ﾠ(correct	 ﾠoutcome*2,*1.5,/1.5,	 ﾠand	 ﾠ/2),	 ﾠwere	 ﾠchosen	 ﾠto	 ﾠbe	 ﾠsimilar	 ﾠto	 ﾠ
the	 ﾠimagined	 ﾠoccluded	 ﾠamount.	 ﾠ	 ﾠIn	 ﾠthis	 ﾠway,	 ﾠeven	 ﾠsubjects	 ﾠwho	 ﾠwere	 ﾠvisualizing	 ﾠthe	 ﾠ
outcomes	 ﾠbehind	 ﾠthe	 ﾠscreen	 ﾠcould	 ﾠnot	 ﾠuse	 ﾠarea	 ﾠor	 ﾠcontour	 ﾠlength	 ﾠto	 ﾠguide	 ﾠtheir	 ﾠ
judgments,	 ﾠand	 ﾠmust	 ﾠuse	 ﾠonly	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠobjects	 ﾠin	 ﾠthe	 ﾠcomparison	 ﾠarray	 ﾠ
relative	 ﾠto	 ﾠthe	 ﾠcalculated	 ﾠoutcome.	 ﾠ	 ﾠThe	 ﾠmethod	 ﾠof	 ﾠcontrolling	 ﾠfor	 ﾠuse	 ﾠof	 ﾠnon-ﾭ‐
numerical	 ﾠvariables	 ﾠwas	 ﾠmodeled	 ﾠafter	 ﾠMcCrink	 ﾠ&	 ﾠSpelke	 ﾠ(2010,	 ﾠsubmitted).	 ﾠ
	 ﾠ
Design.	 ﾠ	 ﾠThere	 ﾠwere	 ﾠ12	 ﾠtraining	 ﾠtrials	 ﾠand	 ﾠ16	 ﾠtest	 ﾠtrials.	 ﾠ	 ﾠOn	 ﾠequal	 ﾠnumbers	 ﾠof	 ﾠtrials	 ﾠ
in	 ﾠeach	 ﾠcategory,	 ﾠthe	 ﾠcomparison	 ﾠarray	 ﾠdiffered	 ﾠfrom	 ﾠthe	 ﾠoutcome	 ﾠby	 ﾠa	 ﾠDistance	 ﾠ
factor	 ﾠof	 ﾠ/2	 ﾠ(i.e.,	 ﾠit	 ﾠpresented	 ﾠhalf	 ﾠthe	 ﾠcorrect	 ﾠoutcome),	 ﾠ/1.5,	 ﾠ*1.5,	 ﾠor	 ﾠ*2	 ﾠ(i.e.,	 ﾠit	 ﾠ
presented	 ﾠtwice	 ﾠthe	 ﾠcorrect	 ﾠoutcome).	 ﾠ	 ﾠ	 ﾠThe	 ﾠinitial	 ﾠarray	 ﾠvalues	 ﾠfor	 ﾠtraining	 ﾠtrials	 ﾠ
were:	 ﾠ24,	 ﾠ44,	 ﾠand	 ﾠ56	 ﾠobjects.	 ﾠ	 ﾠThe	 ﾠinitial	 ﾠarray	 ﾠvalues	 ﾠfor	 ﾠtesting	 ﾠtrials	 ﾠwere:	 ﾠ	 ﾠ16,	 ﾠ32,	 ﾠ
48,	 ﾠand	 ﾠ64	 ﾠobjects.	 ﾠ	 ﾠThese	 ﾠtesting	 ﾠvalues	 ﾠwere	 ﾠchosen	 ﾠto	 ﾠexamine	 ﾠwhether	 ﾠchildren	 ﾠ
would	 ﾠonly	 ﾠbe	 ﾠable	 ﾠto	 ﾠinterpolate	 ﾠthe	 ﾠtransformation	 ﾠ(e.g.,	 ﾠsucceed	 ﾠonly	 ﾠon	 ﾠinitial	 ﾠ
arrays	 ﾠof	 ﾠ32	 ﾠand	 ﾠ48,	 ﾠwhich	 ﾠare	 ﾠin	 ﾠthe	 ﾠsame	 ﾠrange	 ﾠas	 ﾠtraining)	 ﾠor	 ﾠcan	 ﾠextrapolate	 ﾠthe	 ﾠ
transformation	 ﾠas	 ﾠwell	 ﾠ(e.g.,	 ﾠsucceed	 ﾠon	 ﾠinitial	 ﾠarrays	 ﾠof	 ﾠ16	 ﾠand	 ﾠ64,	 ﾠwhich	 ﾠare	 ﾠ
outside	 ﾠthe	 ﾠrange	 ﾠof	 ﾠtraining.)	 ﾠ	 ﾠSee	 ﾠTable	 ﾠ1	 ﾠfor	 ﾠthe	 ﾠspecific	 ﾠvalues	 ﾠused.	 ﾠWe	 ﾠincluded	 ﾠ
a	 ﾠlarge	 ﾠnumber	 ﾠof	 ﾠtraining	 ﾠtrials	 ﾠ(12,	 ﾠalong	 ﾠwith	 ﾠ16	 ﾠtesting	 ﾠtrials)	 ﾠfor	 ﾠseveral	 ﾠreasons.	 ﾠ	 ﾠ
Even	 ﾠthough	 ﾠwe	 ﾠknew	 ﾠfrom	 ﾠprevious	 ﾠwork	 ﾠthat	 ﾠthis	 ﾠrelationship	 ﾠwas	 ﾠreadily	 ﾠ
grasped	 ﾠby	 ﾠU.S.	 ﾠchildren,	 ﾠwe	 ﾠwanted	 ﾠto	 ﾠgive	 ﾠthe	 ﾠMundurucu	 ﾠchildren	 ﾠthe	 ﾠsame	 ﾠ
opportunity	 ﾠto	 ﾠextract	 ﾠthe	 ﾠproportion.	 ﾠ	 ﾠThis	 ﾠallows	 ﾠus	 ﾠto	 ﾠlook	 ﾠfor	 ﾠany	 ﾠpotential	 ﾠ
learning	 ﾠeffects	 ﾠacross	 ﾠthe	 ﾠcourse	 ﾠof	 ﾠtraining,	 ﾠand	 ﾠyields	 ﾠidentical	 ﾠdata	 ﾠfor	 ﾠRunning	 ﾠHead:	 ﾠHalving	 ﾠby	 ﾠMundurucu	 ﾠSpeakers	 ﾠ
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comparison	 ﾠto	 ﾠthose	 ﾠfound	 ﾠin	 ﾠMcCrink	 ﾠ&	 ﾠSpelke	 ﾠ(submitted).	 ﾠ	 ﾠPrevious	 ﾠwork	 ﾠin	 ﾠthe	 ﾠ
villages	 ﾠof	 ﾠthe	 ﾠAmazon	 ﾠhas	 ﾠalso	 ﾠfound	 ﾠthat	 ﾠMundurucu	 ﾠspeakers	 ﾠare	 ﾠless	 ﾠinterested	 ﾠ
in	 ﾠthese	 ﾠtasks	 ﾠthan	 ﾠa	 ﾠU.S.	 ﾠpopulation;	 ﾠbuilding	 ﾠin	 ﾠextra	 ﾠtime	 ﾠand	 ﾠopportunity	 ﾠto	 ﾠlearn	 ﾠ
critical	 ﾠcomponents	 ﾠof	 ﾠthe	 ﾠtask	 ﾠis	 ﾠone	 ﾠsolution	 ﾠto	 ﾠthis	 ﾠproblem.	 ﾠ
	 ﾠ
Results	 ﾠ
	 ﾠ
Each	 ﾠsubject	 ﾠwas	 ﾠgiven	 ﾠan	 ﾠaverage	 ﾠscore	 ﾠcomposed	 ﾠof	 ﾠhis	 ﾠor	 ﾠher	 ﾠperformance	 ﾠ
on	 ﾠtraining	 ﾠand	 ﾠtesting	 ﾠtrials	 ﾠwhose	 ﾠcomparison	 ﾠarrays	 ﾠwere	 ﾠa	 ﾠparticular	 ﾠdistance	 ﾠ
from	 ﾠthe	 ﾠcorrect	 ﾠoutcome	 ﾠ(correct	 ﾠoutcome/	 ﾠ2,	 ﾠ/	 ﾠ1.5,	 ﾠ*1.5,	 ﾠor	 ﾠ*2),	 ﾠa	 ﾠmeasure	 ﾠwhich	 ﾠ
captures	 ﾠboth	 ﾠWeber	 ﾠratio	 ﾠ(a	 ﾠpsychophysical	 ﾠmeasure,	 ﾠdefined	 ﾠhere	 ﾠas	 ﾠthe	 ﾠratio	 ﾠof	 ﾠ
the	 ﾠgreater:	 ﾠlesser	 ﾠof	 ﾠthe	 ﾠcalculated	 ﾠoutcome	 ﾠand	 ﾠthe	 ﾠcomparison	 ﾠarray)	 ﾠand	 ﾠ
comparison	 ﾠarray	 ﾠtype	 ﾠ(whether	 ﾠit	 ﾠwas	 ﾠlarger,	 ﾠor	 ﾠsmaller	 ﾠthan	 ﾠthe	 ﾠcorrect	 ﾠoutcome	 ﾠ
of	 ﾠthe	 ﾠtransformation.)	 ﾠ	 ﾠOverall	 ﾠperformance	 ﾠduring	 ﾠtraining	 ﾠ(85%)	 ﾠand	 ﾠtesting	 ﾠ
(73%)	 ﾠwas	 ﾠsignificantly	 ﾠabove	 ﾠchance	 ﾠ(one-ﾭ‐sample	 ﾠt-ﾭ‐tests;	 ﾠts	 ﾠ(13)	 ﾠ=	 ﾠ12.59,	 ﾠ6.23,	 ﾠ
both	 ﾠps	 ﾠ<	 ﾠ.001,	 ﾠtwo-ﾭ‐tailed).	 ﾠUsing	 ﾠa	 ﾠtest	 ﾠproportion	 ﾠof	 ﾠ67.8%	 ﾠ(19/28	 ﾠtrials	 ﾠwith	 ﾠan	 ﾠ
alpha	 ﾠlevel	 ﾠof	 ﾠ.05),	 ﾠwe	 ﾠalso	 ﾠcalculated	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠchildren	 ﾠwhose	 ﾠindividual	 ﾠ
performance	 ﾠwas	 ﾠabove	 ﾠchance;	 ﾠ13	 ﾠof	 ﾠ15	 ﾠchildren	 ﾠmet	 ﾠthis	 ﾠcriterion	 ﾠ(13	 ﾠobserved	 ﾠ
successes	 ﾠwith	 ﾠa	 ﾠtotal	 ﾠN	 ﾠof	 ﾠ15,	 ﾠbinomial	 ﾠsign	 ﾠtest	 ﾠwith	 ﾠan	 ﾠalpha	 ﾠof	 ﾠ.05,	 ﾠp<.01).	 ﾠ	 ﾠ
A	 ﾠrepeated-ﾭ‐measures	 ﾠANOVA	 ﾠwith	 ﾠblock	 ﾠ(training	 ﾠblock,	 ﾠtesting	 ﾠblock),	 ﾠ
Weber	 ﾠratio	 ﾠ(1.5,	 ﾠ2.0)	 ﾠand	 ﾠcomparison	 ﾠarray	 ﾠtype	 ﾠ(smaller	 ﾠthan	 ﾠoutcome,	 ﾠlarger	 ﾠthan	 ﾠRunning	 ﾠHead:	 ﾠHalving	 ﾠby	 ﾠMundurucu	 ﾠSpeakers	 ﾠ
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outcome)	 ﾠas	 ﾠwithin-ﾭ‐subject	 ﾠfactors	 ﾠwas	 ﾠperformed	 ﾠover	 ﾠthe	 ﾠsubjects’	 ﾠscores1.	 ﾠ	 ﾠThere	 ﾠ
was	 ﾠa	 ﾠsignificant	 ﾠmain	 ﾠeffect	 ﾠof	 ﾠblock	 ﾠ(F(1,14)=7.92,	 ﾠp=.01,	 ﾠη2=	 ﾠ.36);	 ﾠthe	 ﾠsubjects	 ﾠ
performed	 ﾠbetter	 ﾠduring	 ﾠtraining	 ﾠ(85%),	 ﾠwhen	 ﾠboth	 ﾠcontinuous	 ﾠvariables	 ﾠand	 ﾠ
numerical	 ﾠvariables	 ﾠwere	 ﾠavailable,	 ﾠthan	 ﾠduring	 ﾠtesting	 ﾠ(73%),	 ﾠwhen	 ﾠonly	 ﾠnumerical	 ﾠ
variables	 ﾠcould	 ﾠdrive	 ﾠperformance.	 ﾠ	 ﾠThere	 ﾠwas	 ﾠno	 ﾠmain	 ﾠeffect	 ﾠof	 ﾠWeber	 ﾠratio	 ﾠ(F	 ﾠ
(1,14)	 ﾠ=	 ﾠ2.38,	 ﾠp	 ﾠ=	 ﾠ.14,	 ﾠη2=	 ﾠ.15);	 ﾠsubjects	 ﾠscored	 ﾠ76%	 ﾠcorrect	 ﾠfor	 ﾠ1.5	 ﾠWR	 ﾠand	 ﾠ82%	 ﾠ
correct	 ﾠfor	 ﾠthe	 ﾠ2.0	 ﾠWR.	 ﾠ	 ﾠThere	 ﾠwas	 ﾠa	 ﾠmarginal	 ﾠmain	 ﾠeffect	 ﾠof	 ﾠcomparison	 ﾠarray	 ﾠtype	 ﾠ
(F	 ﾠ(1,14)	 ﾠ=	 ﾠ4.14,	 ﾠp	 ﾠ=	 ﾠ.06,	 ﾠη2=	 ﾠ.23);	 ﾠsubjects	 ﾠanswered	 ﾠcorrectly	 ﾠ86%	 ﾠof	 ﾠthe	 ﾠtime	 ﾠwhen	 ﾠ
the	 ﾠcomparison	 ﾠarray	 ﾠwas	 ﾠsmaller	 ﾠthan	 ﾠthe	 ﾠcomputed	 ﾠoutcome,	 ﾠvs.	 ﾠ72%	 ﾠwhen	 ﾠit	 ﾠwas	 ﾠ
larger.	 ﾠ	 ﾠPerformance	 ﾠwas	 ﾠworst	 ﾠat	 ﾠthe	 ﾠcorrect*1.5	 ﾠcomparison	 ﾠdistance	 ﾠtrials	 ﾠ(71%),	 ﾠ
better	 ﾠfor	 ﾠthe	 ﾠ*2	 ﾠ(74%)	 ﾠand	 ﾠ/1.5	 ﾠtrials	 ﾠ(85%),	 ﾠand	 ﾠbest	 ﾠfor	 ﾠ/2	 ﾠ(93%).	 ﾠ	 ﾠThis	 ﾠpattern,	 ﾠ
along	 ﾠwith	 ﾠthe	 ﾠhigher	 ﾠperformance	 ﾠfor	 ﾠtrials	 ﾠin	 ﾠwhich	 ﾠthe	 ﾠcomparison	 ﾠarray	 ﾠwas	 ﾠ
smaller	 ﾠthan	 ﾠthe	 ﾠoutcome,	 ﾠindicates	 ﾠa	 ﾠtendency	 ﾠto	 ﾠoverestimate	 ﾠthe	 ﾠoutcomes.	 ﾠ	 ﾠWe	 ﾠ
also	 ﾠexamined	 ﾠoverall	 ﾠperformance	 ﾠas	 ﾠa	 ﾠfunction	 ﾠof	 ﾠonly	 ﾠthe	 ﾠWeber	 ﾠratio	 ﾠof	 ﾠthe	 ﾠtrial.	 ﾠ	 ﾠ
Subjects’	 ﾠscores	 ﾠwere	 ﾠcollapsed	 ﾠinto	 ﾠa	 ﾠWeber	 ﾠratio	 ﾠof	 ﾠ2:1	 ﾠ(/2	 ﾠand	 ﾠ*2	 ﾠcomparison	 ﾠ
arrays)	 ﾠand	 ﾠ1.5:1	 ﾠ(/1.5	 ﾠand	 ﾠ*1.5	 ﾠcomparison	 ﾠarrays)	 ﾠfor	 ﾠboth	 ﾠthe	 ﾠtraining	 ﾠand	 ﾠtesting	 ﾠ
trials.	 ﾠ	 ﾠFor	 ﾠboth	 ﾠtraining	 ﾠand	 ﾠtesting	 ﾠindividually,	 ﾠboth	 ﾠWeber	 ﾠratio	 ﾠtrial	 ﾠtypes	 ﾠwere	 ﾠ
above	 ﾠchance	 ﾠ(one-ﾭ‐way	 ﾠt-ﾭ‐tests	 ﾠagainst	 ﾠchance,	 ﾠall	 ﾠps	 ﾠ<	 ﾠ.01).	 ﾠStudies	 ﾠon	 ﾠthe	 ﾠANS	 ﾠ
consistently	 ﾠfind	 ﾠa	 ﾠdecrease	 ﾠin	 ﾠperformance	 ﾠas	 ﾠthe	 ﾠWeber	 ﾠratio	 ﾠof	 ﾠtwo	 ﾠvalues	 ﾠ
approaches	 ﾠ1.0,	 ﾠand	 ﾠit	 ﾠis	 ﾠconsidered	 ﾠa	 ﾠhallmark	 ﾠof	 ﾠthis	 ﾠsystem.	 ﾠ	 ﾠWe	 ﾠassigned	 ﾠeach	 ﾠ
child	 ﾠa	 ﾠscore	 ﾠfor	 ﾠtheir	 ﾠtraining	 ﾠand	 ﾠtest	 ﾠitems	 ﾠat	 ﾠeither	 ﾠthe	 ﾠ1.5	 ﾠWR	 ﾠor	 ﾠ2.0	 ﾠWR.	 ﾠ	 ﾠHere,	 ﾠ
	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ
1	 ﾠBecause	 ﾠthe	 ﾠsmall	 ﾠnumber	 ﾠof	 ﾠsubjects	 ﾠin	 ﾠthis	 ﾠpopulation	 ﾠleads	 ﾠto	 ﾠa	 ﾠvery	 ﾠsmall	 ﾠ
number	 ﾠof	 ﾠsubjects	 ﾠfor	 ﾠsome	 ﾠcells	 ﾠin	 ﾠan	 ﾠomnibus	 ﾠANOVA,	 ﾠwe	 ﾠperformed	 ﾠa	 ﾠrepeated-ﾭ‐
measures	 ﾠANOVA	 ﾠover	 ﾠthe	 ﾠwithin-ﾭ‐subjects	 ﾠfactors	 ﾠonly,	 ﾠfollowed	 ﾠby	 ﾠindependent	 ﾠt-ﾭ‐
tests	 ﾠfor	 ﾠgender,	 ﾠand	 ﾠregressions	 ﾠfor	 ﾠage	 ﾠand	 ﾠeducation.	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as	 ﾠpredicted	 ﾠwithin	 ﾠthe	 ﾠANS	 ﾠframework,	 ﾠthis	 ﾠanalysis	 ﾠindicates	 ﾠthat	 ﾠperformance	 ﾠ
was	 ﾠlower	 ﾠfor	 ﾠthe	 ﾠDistance	 ﾠ1.5:1	 ﾠtrial	 ﾠthan	 ﾠthe	 ﾠDistance	 ﾠ2:1	 ﾠtrial	 ﾠtypes	 ﾠ(paired-ﾭ‐
samples	 ﾠone-ﾭ‐tailed	 ﾠt-ﾭ‐test,	 ﾠt(29)=1.9,	 ﾠp=.034;	 ﾠSee	 ﾠFig	 ﾠ2.)	 ﾠ
Independent-ﾭ‐subjects	 ﾠt-ﾭ‐tests	 ﾠon	 ﾠtraining	 ﾠand	 ﾠtesting	 ﾠperformance	 ﾠbetween	 ﾠ
the	 ﾠgenders	 ﾠreveal	 ﾠno	 ﾠsignificant	 ﾠdifferences	 ﾠ(Training-ﾭ‐	 ﾠ87%	 ﾠfemale,	 ﾠ83%	 ﾠmale;	 ﾠ
Testing-ﾭ‐	 ﾠ70%	 ﾠfemale,	 ﾠ77%	 ﾠmale;	 ﾠts(13)=.67,	 ﾠ.96,	 ﾠboth	 ﾠps>.05.)	 ﾠ	 ﾠLinear	 ﾠregressions	 ﾠon	 ﾠ
training	 ﾠand	 ﾠtesting	 ﾠperformance	 ﾠscores	 ﾠreveal	 ﾠno	 ﾠsignificant	 ﾠimpact	 ﾠof	 ﾠgrade	 ﾠon	 ﾠ
training	 ﾠperformance	 ﾠ(R2	 ﾠ=	 ﾠ.05,	 ﾠF(1,14)=	 ﾠ.62,	 ﾠp>.05).	 ﾠ	 ﾠHowever,	 ﾠthere	 ﾠwas	 ﾠa	 ﾠ
significant	 ﾠimpact	 ﾠof	 ﾠgrade	 ﾠduring	 ﾠthe	 ﾠtesting	 ﾠblock	 ﾠ(R2	 ﾠ=	 ﾠ.47,	 ﾠF(1,14)	 ﾠ=	 ﾠ11.47,	 ﾠp	 ﾠ
<	 ﾠ.01),	 ﾠduring	 ﾠwhich	 ﾠnumerical	 ﾠvariables	 ﾠand	 ﾠcontinuous	 ﾠextent	 ﾠvariables	 ﾠsuch	 ﾠas	 ﾠ
area	 ﾠand	 ﾠcontour	 ﾠlength	 ﾠare	 ﾠunconfounded.	 ﾠ	 ﾠA	 ﾠfollow-ﾭ‐up	 ﾠone-ﾭ‐way	 ﾠANOVA	 ﾠof	 ﾠoverall	 ﾠ
performance	 ﾠx	 ﾠgrade	 ﾠshows	 ﾠno	 ﾠsignificant	 ﾠdifferences	 ﾠbetween	 ﾠthe	 ﾠgrades	 ﾠ
individually	 ﾠbut	 ﾠrather	 ﾠa	 ﾠsignificant	 ﾠlinear	 ﾠtrend	 ﾠ(F	 ﾠ(1,11)=6.20,	 ﾠp=.03.)	 ﾠ	 ﾠImportantly,	 ﾠ
as	 ﾠpredicted,	 ﾠeven	 ﾠthose	 ﾠsubjects	 ﾠwho	 ﾠare	 ﾠnot	 ﾠschooled	 ﾠ(n=8)	 ﾠwere	 ﾠabove	 ﾠchance	 ﾠfor	 ﾠ
overall	 ﾠperformance	 ﾠ(73%),	 ﾠtraining	 ﾠ(82%),	 ﾠand	 ﾠtesting	 ﾠ(66%;	 ﾠone-ﾭ‐sample	 ﾠone-ﾭ‐way	 ﾠ
t-ﾭ‐tests	 ﾠagainst	 ﾠchance,	 ﾠall	 ﾠps<.05.)	 ﾠ	 ﾠ	 ﾠ
In	 ﾠorder	 ﾠto	 ﾠtease	 ﾠapart	 ﾠthe	 ﾠrelative	 ﾠcontributions	 ﾠof	 ﾠschooling	 ﾠand	 ﾠmaturation,	 ﾠ
we	 ﾠexamined	 ﾠwhether	 ﾠthe	 ﾠage	 ﾠof	 ﾠthe	 ﾠchild	 ﾠimpacted	 ﾠtheir	 ﾠoverall	 ﾠperformance	 ﾠin	 ﾠthe	 ﾠ
same	 ﾠway.	 ﾠLinear	 ﾠregressions	 ﾠon	 ﾠtraining	 ﾠperformance	 ﾠand	 ﾠtesting	 ﾠperformance	 ﾠ
reveal	 ﾠno	 ﾠsignificant	 ﾠchange	 ﾠover	 ﾠage	 ﾠ(R2	 ﾠ=	 ﾠ.09,	 ﾠ.15,	 ﾠrespectively,	 ﾠFs(1,14)=	 ﾠ1.32,	 ﾠ2.37,	 ﾠ
both	 ﾠps	 ﾠ>	 ﾠ.05).	 ﾠ	 ﾠOverall,	 ﾠwe	 ﾠfound	 ﾠthat	 ﾠthe	 ﾠchildren	 ﾠwere	 ﾠquite	 ﾠvariable,	 ﾠand	 ﾠolder	 ﾠ
children	 ﾠdid	 ﾠnot	 ﾠout-ﾭ‐perform	 ﾠyounger	 ﾠones	 ﾠ(one-ﾭ‐way	 ﾠANOVA	 ﾠof	 ﾠoverall	 ﾠperformance	 ﾠ
x	 ﾠage,	 ﾠF(1,10)=	 ﾠ2.88,	 ﾠp=.12.)	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 ﾠHalving	 ﾠby	 ﾠMundurucu	 ﾠSpeakers	 ﾠ
	 ﾠ 17	 ﾠ
To	 ﾠtest	 ﾠwhether	 ﾠthe	 ﾠsubjects	 ﾠlearned	 ﾠthis	 ﾠscaling	 ﾠrelationship	 ﾠover	 ﾠthe	 ﾠcourse	 ﾠ
of	 ﾠtraining,	 ﾠwe	 ﾠtabulated	 ﾠeach	 ﾠsubject’s	 ﾠpercentage	 ﾠof	 ﾠcorrect	 ﾠresponding	 ﾠfor	 ﾠthe	 ﾠfirst	 ﾠ
and	 ﾠlast	 ﾠtrials	 ﾠat	 ﾠeach	 ﾠDistance	 ﾠtrial	 ﾠtype	 ﾠ(correct/2,	 ﾠ/1.5,	 ﾠ*1.5,	 ﾠ*2)	 ﾠduring	 ﾠthe	 ﾠ
training	 ﾠblock.	 ﾠPerformance	 ﾠwas	 ﾠabove	 ﾠchance	 ﾠfor	 ﾠboth	 ﾠthe	 ﾠfirst	 ﾠset	 ﾠand	 ﾠthe	 ﾠlast	 ﾠset	 ﾠ
of	 ﾠtrials	 ﾠof	 ﾠeach	 ﾠtype	 ﾠ(85%	 ﾠand	 ﾠ83%	 ﾠrespectively;	 ﾠone-ﾭ‐sample	 ﾠt-ﾭ‐tests	 ﾠagainst	 ﾠchance	 ﾠ
yield	 ﾠts	 ﾠ(14)	 ﾠ=	 ﾠ7.36,	 ﾠ7.14,	 ﾠboth	 ﾠps	 ﾠ<	 ﾠ.005,	 ﾠone-ﾭ‐tailed),	 ﾠindicating	 ﾠthat	 ﾠchildren	 ﾠdid	 ﾠnot	 ﾠ
require	 ﾠmuch	 ﾠtraining	 ﾠto	 ﾠunderstand	 ﾠand	 ﾠapply	 ﾠthe	 ﾠhalving	 ﾠtransformation.	 ﾠ	 ﾠ	 ﾠThere	 ﾠ
was	 ﾠno	 ﾠsignificant	 ﾠimprovement	 ﾠfrom	 ﾠthe	 ﾠfirst	 ﾠset	 ﾠof	 ﾠtrials	 ﾠto	 ﾠthe	 ﾠlast	 ﾠset	 ﾠof	 ﾠtrials	 ﾠ
(paired-ﾭ‐sample	 ﾠt-ﾭ‐test,	 ﾠt(14)	 ﾠ=	 ﾠ.29,	 ﾠp=.77.)	 ﾠ	 ﾠAdditionally,	 ﾠthe	 ﾠsubjects	 ﾠwere	 ﾠable	 ﾠto	 ﾠ
extrapolate	 ﾠto	 ﾠinitial	 ﾠarray	 ﾠvalues	 ﾠoutside	 ﾠthe	 ﾠrange	 ﾠthey	 ﾠlearned	 ﾠin	 ﾠtraining.	 ﾠWhile	 ﾠ
training	 ﾠwas	 ﾠrestricted	 ﾠto	 ﾠthe	 ﾠrange	 ﾠ24-ﾭ‐56	 ﾠobjects,	 ﾠperformance	 ﾠon	 ﾠhalving	 ﾠ16-ﾭ‐object	 ﾠ
and	 ﾠ64-ﾭ‐object	 ﾠarrays	 ﾠduring	 ﾠtesting	 ﾠwas	 ﾠsignificantly	 ﾠabove	 ﾠchance	 ﾠ(73%	 ﾠand	 ﾠ68%,	 ﾠ
respectively;	 ﾠtwo-ﾭ‐tailed	 ﾠone-ﾭ‐sample	 ﾠt-ﾭ‐test	 ﾠagainst	 ﾠchance,	 ﾠts(14)=4.5,	 ﾠ2.95,	 ﾠps<.05.)	 ﾠ
	 ﾠ
Range	 ﾠanalyses	 ﾠ
Barth	 ﾠet	 ﾠal.	 ﾠ(2009)	 ﾠfound	 ﾠthat	 ﾠAmerican	 ﾠchildren,	 ﾠviewing	 ﾠa	 ﾠsimilar	 ﾠparadigm,	 ﾠ
sometimes	 ﾠresorted	 ﾠto	 ﾠrange-ﾭ‐based	 ﾠstrategies	 ﾠin	 ﾠorder	 ﾠto	 ﾠmake	 ﾠtheir	 ﾠcomparisons.	 ﾠ	 ﾠ
If	 ﾠsubjects	 ﾠrealize	 ﾠthat	 ﾠthe	 ﾠcomparison	 ﾠarrays	 ﾠfall	 ﾠwithin	 ﾠa	 ﾠcertain	 ﾠrange	 ﾠ(e.g.,	 ﾠa	 ﾠ
minimum	 ﾠof	 ﾠ6	 ﾠobjects	 ﾠand	 ﾠa	 ﾠmaximum	 ﾠof	 ﾠ56	 ﾠobjects),	 ﾠthey	 ﾠmay	 ﾠuse	 ﾠthe	 ﾠextremities	 ﾠ
of	 ﾠthis	 ﾠrange	 ﾠin	 ﾠorder	 ﾠto	 ﾠguide	 ﾠtheir	 ﾠresponse.	 ﾠ	 ﾠFor	 ﾠexample,	 ﾠwhen	 ﾠgiven	 ﾠa	 ﾠproblem	 ﾠof	 ﾠ
16/2	 ﾠvs.	 ﾠa	 ﾠcomparison	 ﾠarray	 ﾠof	 ﾠ4,	 ﾠsubjects	 ﾠmay	 ﾠrespond	 ﾠthat	 ﾠthe	 ﾠoccluded	 ﾠoutcome	 ﾠ
is	 ﾠlarger	 ﾠsimply	 ﾠbecause	 ﾠthey	 ﾠrealize	 ﾠthat	 ﾠ4	 ﾠis	 ﾠa	 ﾠsmall	 ﾠnumber-ﾭ‐	 ﾠand	 ﾠtherefore	 ﾠlikely	 ﾠto	 ﾠ
designate	 ﾠthe	 ﾠsmaller	 ﾠquantity.	 ﾠ	 ﾠWe	 ﾠtabulated	 ﾠsubjects’	 ﾠpercentages	 ﾠcorrect	 ﾠfor	 ﾠRunning	 ﾠHead:	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problems	 ﾠwhose	 ﾠcomparison	 ﾠarrays	 ﾠfell	 ﾠwithin	 ﾠthe	 ﾠextremities	 ﾠof	 ﾠthe	 ﾠpossible	 ﾠrange	 ﾠ
(with	 ﾠvalues	 ﾠof	 ﾠ4,	 ﾠ5,	 ﾠ8,	 ﾠ11,	 ﾠ36,	 ﾠ48,	 ﾠ48,	 ﾠ64)	 ﾠvs.	 ﾠthe	 ﾠmiddle	 ﾠof	 ﾠthe	 ﾠpossible	 ﾠrange	 ﾠ(with	 ﾠ
values	 ﾠof	 ﾠ12,	 ﾠ12,	 ﾠ16,	 ﾠ16,	 ﾠ16,	 ﾠ21,	 ﾠ24,	 ﾠand	 ﾠ32).	 ﾠ	 ﾠChildren’s	 ﾠmid-ﾭ‐range	 ﾠperformance	 ﾠwas	 ﾠ
significantly	 ﾠabove	 ﾠchance	 ﾠ(72%,	 ﾠone-ﾭ‐sample	 ﾠt-ﾭ‐test	 ﾠagainst	 ﾠchance,	 ﾠt(14)=	 ﾠ4.52,	 ﾠ
p<.001.)	 ﾠThere	 ﾠwas	 ﾠno	 ﾠsignificant	 ﾠdifference	 ﾠbetween	 ﾠmid-ﾭ‐range	 ﾠperformance	 ﾠ(72%)	 ﾠ
vs.	 ﾠend-ﾭ‐range	 ﾠperformance	 ﾠ(75%;	 ﾠpaired-ﾭ‐sample	 ﾠt-ﾭ‐test,	 ﾠt(14)=.64,	 ﾠtwo-ﾭ‐tailed	 ﾠp=.54.),	 ﾠ
suggesting	 ﾠthat	 ﾠMundurucu	 ﾠchildren	 ﾠdid	 ﾠnot	 ﾠuse	 ﾠthis	 ﾠstrategy.	 ﾠ	 ﾠMoreover,	 ﾠchildren's	 ﾠ
responses	 ﾠto	 ﾠthe	 ﾠcomparison	 ﾠarrays	 ﾠthat	 ﾠlay	 ﾠin	 ﾠthe	 ﾠmiddle	 ﾠof	 ﾠthe	 ﾠrange	 ﾠwere	 ﾠ
modulated	 ﾠby	 ﾠthe	 ﾠWeber	 ﾠratio	 ﾠof	 ﾠthe	 ﾠcomparison	 ﾠarray	 ﾠand	 ﾠoutcome	 ﾠarray.	 ﾠ	 ﾠ
Specifically,	 ﾠthe	 ﾠcomparison	 ﾠarray	 ﾠvalues	 ﾠof	 ﾠ12	 ﾠand	 ﾠ48	 ﾠeach	 ﾠhad	 ﾠone	 ﾠtrial	 ﾠin	 ﾠwhich	 ﾠ
they	 ﾠwere	 ﾠrelatively	 ﾠdistinct	 ﾠfrom	 ﾠthe	 ﾠoutcome	 ﾠ(e.g.,	 ﾠdiffered	 ﾠby	 ﾠa	 ﾠfactor	 ﾠof	 ﾠ2.0)	 ﾠand	 ﾠ
one	 ﾠin	 ﾠwhich	 ﾠthey	 ﾠwere	 ﾠrelatively	 ﾠclose	 ﾠto	 ﾠthe	 ﾠoutcome	 ﾠ(e.g.,	 ﾠdiffered	 ﾠby	 ﾠa	 ﾠfactor	 ﾠof	 ﾠ
1.5).	 ﾠ	 ﾠThe	 ﾠchildren	 ﾠperformed	 ﾠsignificantly	 ﾠbetter	 ﾠon	 ﾠthe	 ﾠDistance	 ﾠ2.0	 ﾠtrials	 ﾠof	 ﾠthe	 ﾠ
same	 ﾠvalue,	 ﾠcompared	 ﾠto	 ﾠthe	 ﾠDistance	 ﾠ1.5	 ﾠtrials	 ﾠ(77%	 ﾠvs.	 ﾠ53%,	 ﾠt(14)=2.17,	 ﾠp=.048.)	 ﾠ
	 ﾠ
Cross-ﾭ‐cultural	 ﾠcomparisons	 ﾠ
In	 ﾠorder	 ﾠto	 ﾠcompare	 ﾠperformance	 ﾠamong	 ﾠthe	 ﾠMundurucu	 ﾠto	 ﾠthat	 ﾠof	 ﾠan	 ﾠurban	 ﾠ
population,	 ﾠwe	 ﾠcompared	 ﾠthe	 ﾠcurrent	 ﾠdataset	 ﾠto	 ﾠthat	 ﾠof	 ﾠMcCrink	 ﾠ&	 ﾠSpelke	 ﾠ
(submitted),	 ﾠwhich	 ﾠuses	 ﾠa	 ﾠsimilar	 ﾠparadigm	 ﾠand	 ﾠidentical	 ﾠstimulus	 ﾠset,	 ﾠalbeit	 ﾠwith	 ﾠa	 ﾠ
slightly	 ﾠyounger	 ﾠgroup	 ﾠof	 ﾠU.S.	 ﾠchildren	 ﾠ(5-ﾭ‐7	 ﾠyears	 ﾠof	 ﾠage).	 ﾠ	 ﾠOne-ﾭ‐way	 ﾠANOVAs	 ﾠ
examining	 ﾠoverall	 ﾠperformance	 ﾠduring	 ﾠtraining	 ﾠand	 ﾠtesting	 ﾠwith	 ﾠethnicity	 ﾠas	 ﾠa	 ﾠ
between-ﾭ‐subjects	 ﾠvariable	 ﾠ(Mundurucu,	 ﾠAmerican)	 ﾠreveal	 ﾠno	 ﾠsignificant	 ﾠdifferences	 ﾠ
as	 ﾠa	 ﾠfunction	 ﾠof	 ﾠethnicity	 ﾠ(Training-ﾭ‐	 ﾠ85%	 ﾠMundurucu	 ﾠvs.	 ﾠ81%	 ﾠU.S.	 ﾠchildren;	 ﾠTesting-ﾭ‐	 ﾠRunning	 ﾠHead:	 ﾠHalving	 ﾠby	 ﾠMundurucu	 ﾠSpeakers	 ﾠ
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73%	 ﾠMundurucu	 ﾠvs.	 ﾠ82%	 ﾠU.S.	 ﾠchildren;	 ﾠFs	 ﾠ(1,	 ﾠ30)	 ﾠ=	 ﾠ.74,	 ﾠ3.55,	 ﾠboth	 ﾠps	 ﾠ>	 ﾠ.05.)	 ﾠ	 ﾠThere	 ﾠ
was	 ﾠalso	 ﾠno	 ﾠeffect	 ﾠof	 ﾠethnicity	 ﾠon	 ﾠperformance	 ﾠon	 ﾠthe	 ﾠvery	 ﾠfirst	 ﾠtrials	 ﾠafter	 ﾠthe	 ﾠsingle	 ﾠ
exemplar	 ﾠvideo	 ﾠfor	 ﾠthe	 ﾠMundurucu	 ﾠand	 ﾠU.S.	 ﾠchildren	 ﾠ(85%	 ﾠvs.	 ﾠ73%;	 ﾠone-ﾭ‐way	 ﾠANOVA	 ﾠ
F(1,29)=2.59,	 ﾠp>.05).	 ﾠ	 ﾠ	 ﾠTo	 ﾠbest	 ﾠexamine	 ﾠthe	 ﾠrelative	 ﾠperformance	 ﾠof	 ﾠeach	 ﾠgroup	 ﾠ
overall	 ﾠand	 ﾠas	 ﾠa	 ﾠfunction	 ﾠof	 ﾠtask	 ﾠspecifics,	 ﾠwe	 ﾠperformed	 ﾠan	 ﾠomnibus	 ﾠANOVA	 ﾠover	 ﾠ
both	 ﾠgroups’	 ﾠdata	 ﾠwith	 ﾠWeber	 ﾠratio	 ﾠ(1.5,	 ﾠ2.0),	 ﾠcomparison	 ﾠarray	 ﾠtype	 ﾠ(smaller	 ﾠthan	 ﾠ
outcome,	 ﾠlarger	 ﾠthan	 ﾠoutcome)	 ﾠand	 ﾠBlock	 ﾠ(Training,	 ﾠTesting)	 ﾠas	 ﾠwithin-ﾭ‐subjects	 ﾠ
factors,	 ﾠand	 ﾠethnicity	 ﾠas	 ﾠa	 ﾠbetween-ﾭ‐subjects	 ﾠfactor.	 ﾠ	 ﾠ	 ﾠThere	 ﾠwere	 ﾠno	 ﾠsignificant	 ﾠmain	 ﾠ
effects	 ﾠof	 ﾠblock,	 ﾠethnicity,	 ﾠand	 ﾠno	 ﾠinteractions	 ﾠof	 ﾠethnicity	 ﾠwith	 ﾠWeber	 ﾠratio	 ﾠor	 ﾠ
comparison	 ﾠarray	 ﾠtype.	 ﾠ	 ﾠThere	 ﾠwas	 ﾠa	 ﾠsignificant	 ﾠmain	 ﾠeffect	 ﾠof	 ﾠcomparison	 ﾠarray	 ﾠ
type	 ﾠ(F(1,29)=12.78,	 ﾠp<.01,	 ﾠη2	 ﾠ=	 ﾠ.31),	 ﾠwith	 ﾠchildren	 ﾠperforming	 ﾠsignificantly	 ﾠbetter	 ﾠ
when	 ﾠthe	 ﾠcomparison	 ﾠarray	 ﾠwas	 ﾠsmaller	 ﾠthan	 ﾠthe	 ﾠcorrect	 ﾠoutcome	 ﾠrather	 ﾠthan	 ﾠlarger	 ﾠ
(88%	 ﾠvs.	 ﾠ73%),	 ﾠagain	 ﾠindicative	 ﾠof	 ﾠboth	 ﾠpopulations	 ﾠsystematically	 ﾠoverestimating	 ﾠ
the	 ﾠquotients.	 ﾠ	 ﾠWe	 ﾠalso	 ﾠfound	 ﾠa	 ﾠhighly	 ﾠsignificant	 ﾠmain	 ﾠeffect	 ﾠof	 ﾠWeber	 ﾠratio	 ﾠ
(F(1,29)=	 ﾠ8.47,	 ﾠp<.001,	 ﾠη2	 ﾠ=	 ﾠ.23).	 ﾠ	 ﾠThere	 ﾠwas	 ﾠa	 ﾠmarginal	 ﾠinteraction	 ﾠof	 ﾠethnicity	 ﾠand	 ﾠ
block	 ﾠ(F(1,29)=3.99,	 ﾠp=.055,	 ﾠη2	 ﾠ=	 ﾠ.12);	 ﾠalthough	 ﾠtheir	 ﾠoverall	 ﾠperformances	 ﾠare	 ﾠ
statistically	 ﾠcomparable,	 ﾠthe	 ﾠMundurucu	 ﾠchildren	 ﾠdid	 ﾠslightly	 ﾠbetter	 ﾠin	 ﾠtraining	 ﾠ
compared	 ﾠto	 ﾠtesting	 ﾠ(85%	 ﾠvs.	 ﾠ73%),	 ﾠwhereas	 ﾠthe	 ﾠAmerican	 ﾠchildren	 ﾠperformed	 ﾠat	 ﾠ
essentially	 ﾠthe	 ﾠsame	 ﾠlevel	 ﾠin	 ﾠboth	 ﾠ(81%	 ﾠvs.	 ﾠ82%).	 ﾠ	 ﾠ	 ﾠ
In	 ﾠcontrast	 ﾠto	 ﾠthe	 ﾠMundurucu	 ﾠchildren,	 ﾠthe	 ﾠAmerican	 ﾠchildren	 ﾠexhibited	 ﾠa	 ﾠ
tendency	 ﾠto	 ﾠuse	 ﾠrange	 ﾠinformation,	 ﾠin	 ﾠaddition	 ﾠto	 ﾠactually	 ﾠcomputing	 ﾠthe	 ﾠoutcome;	 ﾠ
they	 ﾠperformed	 ﾠsignificantly	 ﾠabove	 ﾠchance	 ﾠfor	 ﾠboth	 ﾠmid-ﾭ‐range	 ﾠand	 ﾠend-ﾭ‐range,	 ﾠbut	 ﾠ
slightly	 ﾠbetter	 ﾠfor	 ﾠend-ﾭ‐	 ﾠthan	 ﾠmid-ﾭ‐range	 ﾠproblems	 ﾠ(86%	 ﾠvs.	 ﾠ78%).	 ﾠTo	 ﾠquantify	 ﾠthis	 ﾠRunning	 ﾠHead:	 ﾠHalving	 ﾠby	 ﾠMundurucu	 ﾠSpeakers	 ﾠ
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difference,	 ﾠwe	 ﾠperformed	 ﾠone-ﾭ‐way	 ﾠANOVAs	 ﾠover	 ﾠchildren’s	 ﾠmid-ﾭ‐	 ﾠand	 ﾠend-ﾭ‐range	 ﾠ
performance	 ﾠwith	 ﾠa	 ﾠbetween-ﾭ‐subjects	 ﾠfactor	 ﾠof	 ﾠethnicity.	 ﾠ	 ﾠMundurucu	 ﾠand	 ﾠAmerican	 ﾠ
children	 ﾠwere	 ﾠcomparable	 ﾠon	 ﾠmid-ﾭ‐range	 ﾠproblems	 ﾠ(72%	 ﾠvs.	 ﾠ78%,	 ﾠF(1,30)=1.3,	 ﾠ
p>.05),	 ﾠbut	 ﾠAmerican	 ﾠchildren	 ﾠoutperformed	 ﾠthe	 ﾠMundurucu	 ﾠon	 ﾠend-ﾭ‐range	 ﾠproblems	 ﾠ
(75%	 ﾠvs.	 ﾠ86%,	 ﾠF(1,30)=4.23,	 ﾠp=.047.)	 ﾠ
	 ﾠ
Discussion	 ﾠ
	 ﾠ
In	 ﾠthis	 ﾠstudy,	 ﾠMundurucu	 ﾠchildren	 ﾠperformed	 ﾠa	 ﾠserial,	 ﾠnon-ﾭ‐symbolic	 ﾠdivision	 ﾠ
task	 ﾠin	 ﾠwhich	 ﾠthey	 ﾠviewed	 ﾠa	 ﾠset	 ﾠof	 ﾠobjects	 ﾠand	 ﾠmentally	 ﾠtransformed	 ﾠthis	 ﾠset	 ﾠinto	 ﾠ
another	 ﾠof	 ﾠhalf	 ﾠthe	 ﾠnumerical	 ﾠmagnitude.	 ﾠ	 ﾠSubjects	 ﾠwere	 ﾠable	 ﾠto	 ﾠintuit	 ﾠa	 ﾠhalving	 ﾠ
relationship	 ﾠbetween	 ﾠtwo	 ﾠobjects	 ﾠand	 ﾠone	 ﾠobject	 ﾠwith	 ﾠvery	 ﾠlittle	 ﾠtraining,	 ﾠand	 ﾠthey	 ﾠ
generalized	 ﾠthis	 ﾠrelationship	 ﾠto	 ﾠmuch	 ﾠlarger,	 ﾠnew	 ﾠamounts,	 ﾠboth	 ﾠwithin	 ﾠand	 ﾠoutside	 ﾠ
the	 ﾠrange	 ﾠof	 ﾠthe	 ﾠtraining	 ﾠproblems.	 ﾠ	 ﾠThey	 ﾠdid	 ﾠso	 ﾠeven	 ﾠthough	 ﾠcontinuous	 ﾠvariables	 ﾠ
that	 ﾠnormally	 ﾠco-ﾭ‐vary	 ﾠwith	 ﾠnumber	 ﾠ(density,	 ﾠitem	 ﾠsize,	 ﾠarea,	 ﾠand	 ﾠcontour	 ﾠlength)	 ﾠ
were	 ﾠuninformative	 ﾠas	 ﾠinput	 ﾠto	 ﾠthe	 ﾠhalving	 ﾠcalculation.	 ﾠAge	 ﾠof	 ﾠthe	 ﾠchild	 ﾠ(from	 ﾠ7	 ﾠto	 ﾠ11	 ﾠ
years)	 ﾠdid	 ﾠnot	 ﾠhave	 ﾠa	 ﾠsignificant	 ﾠimpact	 ﾠon	 ﾠoverall	 ﾠperformance.	 ﾠ	 ﾠFinally,	 ﾠeven	 ﾠ
subjects	 ﾠwithout	 ﾠformal	 ﾠeducation	 ﾠsucceeded	 ﾠin	 ﾠthis	 ﾠtask,	 ﾠalthough	 ﾠeducation	 ﾠdid	 ﾠ
improve	 ﾠperformance.	 ﾠ	 ﾠ	 ﾠ
We	 ﾠpropose	 ﾠthat	 ﾠthe	 ﾠMundurucu	 ﾠpeople	 ﾠmentally	 ﾠtransformed	 ﾠlarge	 ﾠnumbers	 ﾠ
by	 ﾠa	 ﾠfactor	 ﾠof	 ﾠone-ﾭ‐half	 ﾠwith	 ﾠthe	 ﾠsupport	 ﾠof	 ﾠan	 ﾠimprecise,	 ﾠuntrained	 ﾠnumber	 ﾠsystem	 ﾠ
that	 ﾠis	 ﾠindependent	 ﾠof	 ﾠnumerical	 ﾠlanguage	 ﾠand	 ﾠcan	 ﾠmake	 ﾠcalculations	 ﾠover	 ﾠnumber	 ﾠ
per	 ﾠse	 ﾠindependent	 ﾠfrom	 ﾠco-ﾭ‐varying	 ﾠspatial	 ﾠextent	 ﾠdimensions.	 ﾠ	 ﾠAlthough	 ﾠwe	 ﾠbelieve	 ﾠRunning	 ﾠHead:	 ﾠHalving	 ﾠby	 ﾠMundurucu	 ﾠSpeakers	 ﾠ
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this	 ﾠsystem	 ﾠto	 ﾠbe	 ﾠthe	 ﾠApproximate	 ﾠNumber	 ﾠSystem,	 ﾠas	 ﾠdetailed	 ﾠin	 ﾠthe	 ﾠintroduction,	 ﾠ
we	 ﾠmust	 ﾠbe	 ﾠcautious	 ﾠwith	 ﾠthis	 ﾠinterpretation.	 ﾠ	 ﾠOne	 ﾠof	 ﾠthe	 ﾠhallmarks	 ﾠof	 ﾠthis	 ﾠparticular	 ﾠ
system	 ﾠis	 ﾠa	 ﾠdecrease	 ﾠin	 ﾠperformance	 ﾠwhen	 ﾠthe	 ﾠcomparison	 ﾠvalue	 ﾠwas	 ﾠrelatively	 ﾠ
close	 ﾠin	 ﾠnumber	 ﾠto	 ﾠthe	 ﾠoutcome,	 ﾠcharacteristic	 ﾠof	 ﾠthe	 ﾠWeber	 ﾠratio	 ﾠ(in	 ﾠwhich	 ﾠthe	 ﾠratio	 ﾠ
of	 ﾠtwo	 ﾠamounts	 ﾠdetermines	 ﾠtheir	 ﾠdiscriminability).	 ﾠ	 ﾠWe	 ﾠsaw	 ﾠmodulation	 ﾠaccording	 ﾠ
to	 ﾠWeber	 ﾠratio	 ﾠwith	 ﾠa	 ﾠsimple	 ﾠanalysis,	 ﾠbut	 ﾠthe	 ﾠmore-ﾭ‐complex	 ﾠmodel	 ﾠindicated	 ﾠthat	 ﾠ
this	 ﾠmodulation	 ﾠwas	 ﾠtrumped	 ﾠby	 ﾠthe	 ﾠchildren’s	 ﾠtendency	 ﾠto	 ﾠoverestimate.	 ﾠ	 ﾠThe	 ﾠ
implemented	 ﾠdesign,	 ﾠwhich	 ﾠcontrolled	 ﾠfor	 ﾠthe	 ﾠnon-ﾭ‐numerical	 ﾠquantity	 ﾠinformation	 ﾠ
oftentimes	 ﾠconfounded	 ﾠwith	 ﾠnumerical	 ﾠmagnitude,	 ﾠrequired	 ﾠthat	 ﾠsubjects	 ﾠrely	 ﾠon	 ﾠ
numerical	 ﾠmagnitudes	 ﾠper	 ﾠse	 ﾠas	 ﾠthe	 ﾠmanipulated	 ﾠvariables	 ﾠin	 ﾠthis	 ﾠvisual	 ﾠequation.	 ﾠ
Above	 ﾠall,	 ﾠthe	 ﾠMundurucu	 ﾠlanguage	 ﾠhas	 ﾠno	 ﾠwords	 ﾠfor	 ﾠthe	 ﾠprecise	 ﾠnumerical	 ﾠ
quantities	 ﾠover	 ﾠwhich	 ﾠchildren	 ﾠcalculated,	 ﾠand	 ﾠthe	 ﾠchildren	 ﾠin	 ﾠthese	 ﾠstudies	 ﾠhad	 ﾠlittle	 ﾠ
to	 ﾠno	 ﾠtraining	 ﾠin	 ﾠcounting,	 ﾠtabulation,	 ﾠor	 ﾠarithmetic	 ﾠprocedures.	 ﾠ
A	 ﾠcomparison	 ﾠof	 ﾠthe	 ﾠMundurucu	 ﾠchildren	 ﾠwith	 ﾠchildren	 ﾠstudied	 ﾠin	 ﾠan	 ﾠaffluent	 ﾠ
Boston	 ﾠsuburb	 ﾠ(McCrink	 ﾠ&	 ﾠSpelke,	 ﾠsubmitted)	 ﾠhighlights	 ﾠseveral	 ﾠshared	 ﾠaspects	 ﾠof	 ﾠ
performance	 ﾠon	 ﾠthis	 ﾠtask.	 ﾠ	 ﾠFirst,	 ﾠboth	 ﾠthe	 ﾠMundurucu	 ﾠand	 ﾠthe	 ﾠU.S.	 ﾠchildren	 ﾠshowed	 ﾠ
similar	 ﾠand	 ﾠabove-ﾭ‐chance	 ﾠresponding	 ﾠon	 ﾠthe	 ﾠvery	 ﾠfirst	 ﾠset	 ﾠof	 ﾠtrials.	 ﾠ	 ﾠSecond,	 ﾠ
performance	 ﾠduring	 ﾠthe	 ﾠtraining	 ﾠand	 ﾠtesting	 ﾠtrials	 ﾠwas	 ﾠstatistically	 ﾠcomparable	 ﾠ
across	 ﾠboth	 ﾠgroups.	 ﾠ	 ﾠThird,	 ﾠboth	 ﾠEnglish	 ﾠand	 ﾠMundurucu	 ﾠspeakers	 ﾠexhibited	 ﾠa	 ﾠ
similar	 ﾠperformance	 ﾠprofile	 ﾠfor	 ﾠboth	 ﾠWeber	 ﾠratio	 ﾠand	 ﾠcomparison	 ﾠarray	 ﾠtype,	 ﾠwith	 ﾠa	 ﾠ
tendency	 ﾠtowards	 ﾠoverestimation	 ﾠ(as	 ﾠreflected	 ﾠby	 ﾠpoorer	 ﾠperformance	 ﾠon	 ﾠtrials	 ﾠin	 ﾠ
which	 ﾠthe	 ﾠcomparison	 ﾠarray	 ﾠwas	 ﾠlarger	 ﾠthan	 ﾠthe	 ﾠoutcome).	 ﾠIt	 ﾠis	 ﾠdifficult	 ﾠto	 ﾠtease	 ﾠ
apart	 ﾠexactly	 ﾠwhat	 ﾠis	 ﾠdriving	 ﾠthis	 ﾠoverestimation	 ﾠeffect,	 ﾠbut	 ﾠwe	 ﾠpropose	 ﾠtwo	 ﾠRunning	 ﾠHead:	 ﾠHalving	 ﾠby	 ﾠMundurucu	 ﾠSpeakers	 ﾠ
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candidates	 ﾠthat	 ﾠmay	 ﾠunderlie	 ﾠit.	 ﾠ	 ﾠIt	 ﾠcould	 ﾠbe	 ﾠdue	 ﾠto	 ﾠan	 ﾠanchoring	 ﾠheuristic,	 ﾠwith	 ﾠthe	 ﾠ
initial	 ﾠarray	 ﾠdrawing	 ﾠchildren	 ﾠto	 ﾠa	 ﾠhigher	 ﾠoutcome	 ﾠtally	 ﾠ-ﾭ‐	 ﾠthus	 ﾠleading	 ﾠto	 ﾠconfusion	 ﾠ
between	 ﾠthe	 ﾠsubjective	 ﾠoutcome,	 ﾠand	 ﾠcomparison	 ﾠarrays	 ﾠwhich	 ﾠare	 ﾠlarger	 ﾠthan	 ﾠthe	 ﾠ
objective	 ﾠoutcome.	 ﾠ	 ﾠAlternately,	 ﾠit	 ﾠmay	 ﾠbe	 ﾠdue	 ﾠto	 ﾠa	 ﾠdirectional	 ﾠmiscalculation	 ﾠof	 ﾠ
scaling	 ﾠfactor	 ﾠ(scaling	 ﾠby	 ﾠa	 ﾠfactor	 ﾠcloser	 ﾠto	 ﾠ.67	 ﾠthan	 ﾠ.50),	 ﾠa	 ﾠphenomenon	 ﾠthat	 ﾠappears	 ﾠ
to	 ﾠbe	 ﾠpresent	 ﾠwhen	 ﾠchildren	 ﾠperform	 ﾠa	 ﾠsimilar	 ﾠmultiplication	 ﾠtask	 ﾠ(McCrink	 ﾠ&	 ﾠ
Spelke,	 ﾠ2010).	 ﾠ	 ﾠEither	 ﾠway,	 ﾠthese	 ﾠcommonalities	 ﾠsuggest	 ﾠthat	 ﾠhalving	 ﾠof	 ﾠnumerical	 ﾠ
arrays	 ﾠis	 ﾠequally	 ﾠintuitive	 ﾠfor	 ﾠchildren	 ﾠin	 ﾠboth	 ﾠthese	 ﾠcultures,	 ﾠand	 ﾠthat	 ﾠwhichever	 ﾠ
mental	 ﾠprocess	 ﾠis	 ﾠresponsible	 ﾠfor	 ﾠthis	 ﾠcalculation	 ﾠis	 ﾠoperating	 ﾠin	 ﾠa	 ﾠsimilar	 ﾠfashion	 ﾠin	 ﾠ
both	 ﾠgroups.	 ﾠ	 ﾠ
The	 ﾠgroups	 ﾠdid	 ﾠnot	 ﾠbehave	 ﾠidentically,	 ﾠhowever.	 ﾠ	 ﾠAmerican	 ﾠchildren	 ﾠwere	 ﾠ
more	 ﾠlikely	 ﾠthan	 ﾠMundurucu	 ﾠchildren	 ﾠto	 ﾠuse	 ﾠrange-ﾭ‐based	 ﾠstrategies,	 ﾠand	 ﾠthe	 ﾠ
Mundurucu	 ﾠ–	 ﾠespecially	 ﾠthose	 ﾠwithout	 ﾠany	 ﾠeducation-ﾭ‐	 ﾠshowed	 ﾠa	 ﾠdecrease	 ﾠin	 ﾠ
performance	 ﾠwhen	 ﾠadditional	 ﾠcues	 ﾠto	 ﾠquantity	 ﾠ(e.g.,	 ﾠarea,	 ﾠcontour	 ﾠlength)	 ﾠwere	 ﾠ
unavailable.	 ﾠ	 ﾠWe	 ﾠspeculate	 ﾠon	 ﾠseveral	 ﾠpotential	 ﾠreasons	 ﾠfor	 ﾠthis.	 ﾠ	 ﾠFirst,	 ﾠthe	 ﾠU.S.	 ﾠ
children	 ﾠmay	 ﾠbe	 ﾠmore	 ﾠaccustomed	 ﾠto	 ﾠa	 ﾠtesting	 ﾠscenario	 ﾠin	 ﾠwhich	 ﾠone	 ﾠmust	 ﾠdedicate	 ﾠ
sustained	 ﾠattention,	 ﾠand	 ﾠfocus	 ﾠon	 ﾠnumber	 ﾠas	 ﾠan	 ﾠabstract	 ﾠconcept.	 ﾠ	 ﾠSecond,	 ﾠU.S.	 ﾠ
children	 ﾠmay	 ﾠbe	 ﾠmore	 ﾠaware	 ﾠof	 ﾠhow	 ﾠtests	 ﾠare	 ﾠcrafted	 ﾠgiven	 ﾠtheir	 ﾠexperience	 ﾠwith	 ﾠ
everyday	 ﾠmathematics,	 ﾠand	 ﾠlikely	 ﾠto	 ﾠseek	 ﾠout	 ﾠalternate	 ﾠmethods	 ﾠfor	 ﾠsolving	 ﾠ
problems.	 ﾠ	 ﾠThird,	 ﾠthe	 ﾠU.S.	 ﾠchildren’s	 ﾠexperience	 ﾠwith	 ﾠmedia	 ﾠmay	 ﾠlead	 ﾠto	 ﾠfaster	 ﾠ(but	 ﾠ
not	 ﾠbetter)	 ﾠprocessing,	 ﾠleaving	 ﾠtime	 ﾠto	 ﾠferret	 ﾠout	 ﾠalternative	 ﾠpatterns	 ﾠin	 ﾠthe	 ﾠdata.	 ﾠ	 ﾠ
Finally,	 ﾠand	 ﾠmore	 ﾠfundamentally,	 ﾠthere	 ﾠcould	 ﾠbe	 ﾠdifferences	 ﾠin	 ﾠworking	 ﾠmemory	 ﾠdue	 ﾠ
to	 ﾠpractice	 ﾠwith	 ﾠsustained	 ﾠattention	 ﾠand	 ﾠthe	 ﾠculture	 ﾠof	 ﾠeducation	 ﾠfound	 ﾠin	 ﾠthe	 ﾠU.S.,	 ﾠRunning	 ﾠHead:	 ﾠHalving	 ﾠby	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which	 ﾠlead	 ﾠto	 ﾠfaster	 ﾠencoding	 ﾠand	 ﾠleftover	 ﾠprocessing	 ﾠcapacity	 ﾠfor	 ﾠalternate	 ﾠ
strategies.	 ﾠ	 ﾠAdditionally,	 ﾠalthough	 ﾠthere	 ﾠwere	 ﾠno	 ﾠsignificant	 ﾠdifferences	 ﾠbetween	 ﾠthe	 ﾠ
Mundurucu	 ﾠand	 ﾠU.S.	 ﾠchildren	 ﾠin	 ﾠterms	 ﾠof	 ﾠgeneral	 ﾠtrends	 ﾠin	 ﾠWeber	 ﾠratio	 ﾠdifferences,	 ﾠ
the	 ﾠmodulation	 ﾠof	 ﾠperformance	 ﾠwith	 ﾠratio	 ﾠwas	 ﾠsignificant	 ﾠonly	 ﾠfor	 ﾠthe	 ﾠU.S.	 ﾠchildren	 ﾠ
(a	 ﾠ9%	 ﾠperformance	 ﾠchange	 ﾠas	 ﾠa	 ﾠfunction	 ﾠof	 ﾠratio)	 ﾠand	 ﾠnot	 ﾠfor	 ﾠthe	 ﾠMundurucu	 ﾠ
children	 ﾠ(with	 ﾠa	 ﾠ6%	 ﾠchange.)	 ﾠ	 ﾠThese	 ﾠdifferences,	 ﾠtaken	 ﾠwith	 ﾠthe	 ﾠnoted	 ﾠcontinuities,	 ﾠ
suggest	 ﾠthat	 ﾠcore	 ﾠknowledge	 ﾠand	 ﾠculture	 ﾠinteract	 ﾠto	 ﾠmodulate	 ﾠchildren's	 ﾠ
performance.	 ﾠ	 ﾠThe	 ﾠfrequent	 ﾠuse	 ﾠof	 ﾠsymbols,	 ﾠan	 ﾠunderstanding	 ﾠof	 ﾠprecise	 ﾠcounting,	 ﾠ
and	 ﾠa	 ﾠcultural	 ﾠemphasis	 ﾠon	 ﾠenumeration	 ﾠ-ﾭ‐	 ﾠnone	 ﾠof	 ﾠwhich	 ﾠare	 ﾠpresent	 ﾠin	 ﾠthis	 ﾠAmazon	 ﾠ
population	 ﾠ–	 ﾠare	 ﾠnot	 ﾠneeded	 ﾠto	 ﾠperform	 ﾠthis	 ﾠcore	 ﾠscaling	 ﾠprocess,	 ﾠbut	 ﾠthey	 ﾠmay	 ﾠ
encourage	 ﾠthe	 ﾠuse	 ﾠof	 ﾠmultiple	 ﾠstrategies	 ﾠto	 ﾠproblem	 ﾠsolving.	 ﾠ	 ﾠ	 ﾠ	 ﾠ
This	 ﾠconclusion	 ﾠalso	 ﾠis	 ﾠsupported	 ﾠby	 ﾠthe	 ﾠsignificant	 ﾠimpact	 ﾠof	 ﾠschool	 ﾠlevel	 ﾠon	 ﾠ
the	 ﾠperformance	 ﾠof	 ﾠthe	 ﾠMunduruku	 ﾠchildren.	 ﾠ	 ﾠAdolescents	 ﾠand	 ﾠchildren	 ﾠin	 ﾠthis	 ﾠ
population	 ﾠenter	 ﾠschool	 ﾠsometime	 ﾠaround	 ﾠthe	 ﾠage	 ﾠof	 ﾠ8	 ﾠor	 ﾠ9,	 ﾠthough	 ﾠmany	 ﾠchildren	 ﾠ
do	 ﾠnot	 ﾠknow	 ﾠtheir	 ﾠage	 ﾠand	 ﾠenter	 ﾠschool	 ﾠat	 ﾠvariable	 ﾠtimes	 ﾠ(among	 ﾠ11-ﾭ‐year-ﾭ‐old	 ﾠ
children,	 ﾠfor	 ﾠexample,	 ﾠseveral	 ﾠhad	 ﾠno	 ﾠschooling	 ﾠwhereas	 ﾠtwo	 ﾠhad	 ﾠ3	 ﾠyears	 ﾠof	 ﾠ
schooling).	 ﾠ	 ﾠPiazza	 ﾠet	 ﾠal.	 ﾠ(in	 ﾠpress)	 ﾠfound	 ﾠthat	 ﾠin	 ﾠthe	 ﾠ3rd	 ﾠyear	 ﾠof	 ﾠschooling,	 ﾠprecise	 ﾠ
number	 ﾠwords	 ﾠare	 ﾠintroduced	 ﾠ(in	 ﾠPortuguese)	 ﾠalong	 ﾠwith	 ﾠadditional	 ﾠschooling	 ﾠin	 ﾠ
mathematics	 ﾠ(e.g.,	 ﾠestimation	 ﾠtasks,	 ﾠrudimentary	 ﾠadding	 ﾠand	 ﾠsubtracting),	 ﾠand	 ﾠthis	 ﾠ
3rd	 ﾠyear	 ﾠsees	 ﾠa	 ﾠmarked	 ﾠincrease	 ﾠin	 ﾠthe	 ﾠpupils’	 ﾠANS	 ﾠacuity.	 ﾠ	 ﾠIndividuals	 ﾠwith	 ﾠno	 ﾠ
schooling	 ﾠstill	 ﾠperformed	 ﾠat	 ﾠabove-ﾭ‐chance	 ﾠlevels	 ﾠon	 ﾠthe	 ﾠcurrent	 ﾠtask,	 ﾠbut	 ﾠas	 ﾠthe	 ﾠlevel	 ﾠ
of	 ﾠschooling	 ﾠincreased	 ﾠso	 ﾠdid	 ﾠperformance,	 ﾠlikely	 ﾠdue	 ﾠto	 ﾠincreased	 ﾠANS	 ﾠacuity.	 ﾠ	 ﾠThis	 ﾠ
speculation	 ﾠis	 ﾠsupported	 ﾠby	 ﾠthe	 ﾠfinding	 ﾠof	 ﾠa	 ﾠlinear	 ﾠrelationship	 ﾠbetween	 ﾠschooling	 ﾠRunning	 ﾠHead:	 ﾠHalving	 ﾠby	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 ﾠSpeakers	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and	 ﾠperformance	 ﾠonly	 ﾠduring	 ﾠtesting	 ﾠtrials;	 ﾠit	 ﾠis	 ﾠin	 ﾠthese	 ﾠtrials	 ﾠthat	 ﾠarea	 ﾠand	 ﾠcontour	 ﾠ
length	 ﾠ(two	 ﾠvery	 ﾠcommonly	 ﾠconfounded	 ﾠcues	 ﾠto	 ﾠnumerosity	 ﾠwhich	 ﾠare	 ﾠavailable	 ﾠfor	 ﾠ
use	 ﾠin	 ﾠthe	 ﾠtraining	 ﾠtrials)	 ﾠwere	 ﾠdecorrelated	 ﾠwith	 ﾠnumerical	 ﾠmagnitude,	 ﾠrequiring	 ﾠ
subjects	 ﾠto	 ﾠcompute	 ﾠthe	 ﾠhalving	 ﾠcalculation	 ﾠover	 ﾠnumber	 ﾠper	 ﾠse.	 ﾠ
Equally	 ﾠnotable	 ﾠis	 ﾠthe	 ﾠfact	 ﾠthat	 ﾠage	 ﾠdid	 ﾠnot	 ﾠhave	 ﾠa	 ﾠsignificant	 ﾠimpact	 ﾠon	 ﾠthe	 ﾠ
subjects’	 ﾠperformance	 ﾠon	 ﾠthe	 ﾠtask.	 ﾠ	 ﾠAlthough	 ﾠone	 ﾠshould	 ﾠbe	 ﾠcautious	 ﾠof	 ﾠover-ﾭ‐
interpreting	 ﾠthis	 ﾠlack	 ﾠof	 ﾠa	 ﾠmaturation	 ﾠeffect	 ﾠdue	 ﾠto	 ﾠthe	 ﾠsmall	 ﾠsample	 ﾠsize	 ﾠ(n=15),	 ﾠ
small	 ﾠage	 ﾠrange	 ﾠ(7-ﾭ‐11-ﾭ‐years-ﾭ‐old),	 ﾠand	 ﾠless-ﾭ‐than-ﾭ‐reliable	 ﾠage	 ﾠdata,	 ﾠthe	 ﾠMundurucu	 ﾠ
people	 ﾠare	 ﾠa	 ﾠrare	 ﾠopportunity	 ﾠto	 ﾠtease	 ﾠapart	 ﾠthe	 ﾠrelative	 ﾠcontributions	 ﾠof	 ﾠbiological	 ﾠ
maturation	 ﾠand	 ﾠschooling	 ﾠto	 ﾠthe	 ﾠdevelopment	 ﾠof	 ﾠthe	 ﾠANS	 ﾠbecause	 ﾠchildren	 ﾠenter	 ﾠinto	 ﾠ
school	 ﾠat	 ﾠvariable	 ﾠtimes	 ﾠin	 ﾠtheir	 ﾠdevelopment	 ﾠand	 ﾠthus	 ﾠhave	 ﾠvarying	 ﾠamounts	 ﾠof	 ﾠ
education	 ﾠat	 ﾠany	 ﾠgiven	 ﾠage.	 ﾠ	 ﾠIn	 ﾠindustrialized	 ﾠcultures,	 ﾠone	 ﾠsees	 ﾠa	 ﾠrapid	 ﾠincrease	 ﾠin	 ﾠ
ANS	 ﾠacuity	 ﾠduring	 ﾠinfancy	 ﾠ(Lipton	 ﾠ&	 ﾠSpelke,	 ﾠ2003),	 ﾠand	 ﾠthen	 ﾠgrowing	 ﾠprecision	 ﾠof	 ﾠ
the	 ﾠANS	 ﾠthroughout	 ﾠearly	 ﾠchildhood	 ﾠand	 ﾠeven	 ﾠinto	 ﾠadulthood	 ﾠ(Halberda	 ﾠ&	 ﾠFeigenson,	 ﾠ
2008).	 ﾠ	 ﾠHowever,	 ﾠbecause	 ﾠthere	 ﾠis	 ﾠa	 ﾠconfluence	 ﾠof	 ﾠmaturation	 ﾠand	 ﾠeducation,	 ﾠone	 ﾠ
cannot	 ﾠdetermine	 ﾠthe	 ﾠdriver	 ﾠof	 ﾠthis	 ﾠincreasing	 ﾠprecision.	 ﾠ	 ﾠ	 ﾠThe	 ﾠcurrent	 ﾠfinding	 ﾠthat	 ﾠ
education,	 ﾠbut	 ﾠnot	 ﾠage,	 ﾠimpacts	 ﾠperformance	 ﾠsuggests	 ﾠa	 ﾠmajor	 ﾠrole	 ﾠfor	 ﾠeducation	 ﾠand	 ﾠ
enculturation	 ﾠon	 ﾠthe	 ﾠdevelopment	 ﾠof	 ﾠthis	 ﾠcore	 ﾠnumber	 ﾠsystem	 ﾠin	 ﾠlate	 ﾠchildhood.	 ﾠ
The	 ﾠcapacity	 ﾠshown	 ﾠhere	 ﾠto	 ﾠcompute	 ﾠand	 ﾠequate	 ﾠa	 ﾠone-ﾭ‐half	 ﾠrelationship	 ﾠ
holds	 ﾠa	 ﾠspecial	 ﾠplace	 ﾠin	 ﾠthe	 ﾠliterature	 ﾠon	 ﾠproportional	 ﾠanalogical	 ﾠreasoning.	 ﾠ	 ﾠ
Although	 ﾠthe	 ﾠvast	 ﾠmajority	 ﾠof	 ﾠprevious	 ﾠstudies	 ﾠuse	 ﾠspace,	 ﾠand	 ﾠnot	 ﾠnumber,	 ﾠto	 ﾠprobe	 ﾠ
proportional	 ﾠreasoning,	 ﾠand	 ﾠdo	 ﾠso	 ﾠin	 ﾠa	 ﾠmore	 ﾠimplicit	 ﾠfashion	 ﾠthan	 ﾠthe	 ﾠserial	 ﾠ
paradigm	 ﾠused	 ﾠhere,	 ﾠboth	 ﾠtypes	 ﾠof	 ﾠstudies	 ﾠrely	 ﾠon	 ﾠthe	 ﾠchild	 ﾠto	 ﾠrecognize	 ﾠRunning	 ﾠHead:	 ﾠHalving	 ﾠby	 ﾠMundurucu	 ﾠSpeakers	 ﾠ
	 ﾠ 25	 ﾠ
proportional	 ﾠanalogies.	 ﾠ	 ﾠAdditionally,	 ﾠthere	 ﾠare	 ﾠseveral	 ﾠexperiments	 ﾠin	 ﾠwhich	 ﾠyoung	 ﾠ
children	 ﾠshow	 ﾠa	 ﾠparticular	 ﾠfacility	 ﾠwith	 ﾠproportions	 ﾠequivalent	 ﾠto	 ﾠone-ﾭ‐half	 ﾠ(Goswami,	 ﾠ
1989;	 ﾠMix	 ﾠet	 ﾠal.,	 ﾠ1999;	 ﾠSinger-ﾭ‐Freeman	 ﾠ&	 ﾠGoswami,	 ﾠ2001).	 ﾠ	 ﾠHowever,	 ﾠrecent	 ﾠ
research	 ﾠby	 ﾠMcCrink	 ﾠ&	 ﾠSpelke	 ﾠ(submitted)	 ﾠillustrates	 ﾠthat	 ﾠthe	 ﾠdivision	 ﾠshown	 ﾠby	 ﾠ
children	 ﾠhere	 ﾠis	 ﾠflexible	 ﾠand	 ﾠextends	 ﾠto	 ﾠscaling	 ﾠby	 ﾠone-ﾭ‐quarter.	 ﾠ	 ﾠYoung	 ﾠchildren	 ﾠwith	 ﾠ
no	 ﾠtraining	 ﾠon	 ﾠmultiplication	 ﾠor	 ﾠdivision	 ﾠare	 ﾠalso	 ﾠable	 ﾠto	 ﾠmultiplicatively	 ﾠscale	 ﾠby	 ﾠa	 ﾠ
factor	 ﾠof	 ﾠ2,	 ﾠ4,	 ﾠand	 ﾠeven	 ﾠ2.5,	 ﾠalthough	 ﾠperformance	 ﾠdecreased	 ﾠas	 ﾠthe	 ﾠscaling	 ﾠfactor	 ﾠ
increased	 ﾠ(McCrink	 ﾠ&	 ﾠSpelke,	 ﾠ2010).	 ﾠ	 ﾠAdditionally,	 ﾠHuttenlocher,	 ﾠLevine	 ﾠand	 ﾠ
colleagues	 ﾠ(Boyer,	 ﾠLevine,	 ﾠand	 ﾠHuttenlocher,	 ﾠ2008;	 ﾠBoyer	 ﾠ&	 ﾠLevine,	 ﾠ2012;	 ﾠJeong,	 ﾠ
Levine,	 ﾠ&	 ﾠHuttenlocher,	 ﾠ2007),	 ﾠutilizing	 ﾠa	 ﾠproportional	 ﾠanalogy	 ﾠtask	 ﾠin	 ﾠwhich	 ﾠ
children	 ﾠmust	 ﾠexamine	 ﾠsome	 ﾠstandard	 ﾠ(say,	 ﾠa	 ﾠbeak	 ﾠfilled	 ﾠwith	 ﾠx	 ﾠunits	 ﾠjuice	 ﾠ:	 ﾠy	 ﾠunits	 ﾠ
water)	 ﾠand	 ﾠchoose	 ﾠwhich	 ﾠof	 ﾠtwo	 ﾠtest	 ﾠstimuli	 ﾠexemplify	 ﾠthis	 ﾠsame	 ﾠproportion,	 ﾠhave	 ﾠ
also	 ﾠfound	 ﾠflexible	 ﾠscaling	 ﾠat	 ﾠmany	 ﾠfactors	 ﾠwith	 ﾠa	 ﾠdecrement	 ﾠin	 ﾠperformance	 ﾠas	 ﾠthe	 ﾠ
factor	 ﾠincreased.	 ﾠ	 ﾠFuture	 ﾠresearch	 ﾠwith	 ﾠthe	 ﾠcurrent	 ﾠpopulation	 ﾠof	 ﾠMundurucu	 ﾠ
speakers	 ﾠwill	 ﾠaim	 ﾠto	 ﾠdiscover	 ﾠwhether	 ﾠthis	 ﾠcore	 ﾠdivision	 ﾠextends	 ﾠbeyond	 ﾠthe	 ﾠ
especially-ﾭ‐intuitive	 ﾠcase	 ﾠof	 ﾠdivision	 ﾠby	 ﾠtwo,	 ﾠand	 ﾠwhether	 ﾠone	 ﾠfinds	 ﾠa	 ﾠsimilar	 ﾠcapacity	 ﾠ
in	 ﾠthe	 ﾠdomain	 ﾠof	 ﾠspatial	 ﾠproportions.	 ﾠ
Gallistel	 ﾠand	 ﾠcolleagues	 ﾠ(Balsam	 ﾠet	 ﾠal.,	 ﾠ2010;	 ﾠGallistel,	 ﾠ1990;	 ﾠGallistel	 ﾠ&	 ﾠ
Gibbon,	 ﾠ2000)	 ﾠhave	 ﾠargued,	 ﾠbased	 ﾠon	 ﾠresearch	 ﾠon	 ﾠanimals,	 ﾠthat	 ﾠproportional	 ﾠ
calculations	 ﾠover	 ﾠpurely	 ﾠnumerical	 ﾠvariables-ﾭ‐-ﾭ‐as	 ﾠwell	 ﾠas	 ﾠspatial	 ﾠand	 ﾠtemporal	 ﾠ
variables-ﾭ‐-ﾭ‐form	 ﾠthe	 ﾠbedrock	 ﾠfor	 ﾠcognitive	 ﾠprocesses	 ﾠessential	 ﾠto	 ﾠsurvival.	 ﾠ	 ﾠThe	 ﾠ
calculation	 ﾠof	 ﾠrate	 ﾠof	 ﾠreward	 ﾠ(perceived	 ﾠnumber	 ﾠof	 ﾠrewards	 ﾠdivided	 ﾠby	 ﾠthe	 ﾠtemporal	 ﾠ
interval)	 ﾠin	 ﾠa	 ﾠforaging	 ﾠscenario	 ﾠpredicts	 ﾠanimal	 ﾠbehavior	 ﾠin	 ﾠboth	 ﾠnaturalistic	 ﾠ(Harper,	 ﾠRunning	 ﾠHead:	 ﾠHalving	 ﾠby	 ﾠMundurucu	 ﾠSpeakers	 ﾠ
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1982)	 ﾠand	 ﾠlaboratory	 ﾠexperiments	 ﾠ(Gallistel	 ﾠet	 ﾠal,	 ﾠ2001,	 ﾠLeon	 ﾠ&	 ﾠGallistel,	 ﾠ1998).	 ﾠ	 ﾠ
These	 ﾠcalculations	 ﾠalso	 ﾠare	 ﾠproposed	 ﾠto	 ﾠunderlie	 ﾠa	 ﾠspontaneous	 ﾠappreciation	 ﾠof	 ﾠrisk	 ﾠ
and	 ﾠoptimal	 ﾠswitching	 ﾠbehavior	 ﾠ(Balci	 ﾠet	 ﾠal.,	 ﾠ2009;	 ﾠGallistel,	 ﾠ2008),	 ﾠand	 ﾠare	 ﾠfound	 ﾠin	 ﾠ
experimentally-ﾭ‐naïve	 ﾠmice	 ﾠ(Gallistel	 ﾠet	 ﾠal.,	 ﾠ2007)-ﾭ‐	 ﾠbolstering	 ﾠthe	 ﾠclaim	 ﾠthat	 ﾠcomplex	 ﾠ
scaling	 ﾠabilities	 ﾠare	 ﾠinnately	 ﾠpresent.	 ﾠ	 ﾠIn	 ﾠtheir	 ﾠreview	 ﾠon	 ﾠthe	 ﾠtopic,	 ﾠJacob	 ﾠet	 ﾠal.	 ﾠ(2012)	 ﾠ
propose	 ﾠthat	 ﾠour	 ﾠminds	 ﾠare	 ﾠable	 ﾠto	 ﾠrepresent	 ﾠnumerical	 ﾠvalues	 ﾠof	 ﾠproportional	 ﾠ
relationships	 ﾠin	 ﾠmuch	 ﾠthe	 ﾠsame	 ﾠway	 ﾠthat	 ﾠthey	 ﾠrepresent	 ﾠabsolute	 ﾠmagnitudes.	 ﾠ	 ﾠThis	 ﾠ
sense	 ﾠof	 ﾠproportion	 ﾠis	 ﾠautomatic	 ﾠand	 ﾠindependent	 ﾠof	 ﾠlanguage	 ﾠand	 ﾠpresentation	 ﾠ
format	 ﾠ(Jacob	 ﾠ&	 ﾠNieder,	 ﾠ2009a,	 ﾠ2009b),	 ﾠearly-ﾭ‐developing	 ﾠ(McCrink	 ﾠ&	 ﾠWynn,	 ﾠ2007),	 ﾠ
and	 ﾠencoded	 ﾠby	 ﾠthe	 ﾠsame	 ﾠbrain	 ﾠregions	 ﾠas	 ﾠabsolute	 ﾠquantity	 ﾠ(Vallentin	 ﾠ&	 ﾠNieder,	 ﾠ
2008,	 ﾠ2010).	 ﾠ
Further	 ﾠsupport	 ﾠfor	 ﾠJacob	 ﾠet	 ﾠal.’s	 ﾠ(2012)	 ﾠproposition	 ﾠare	 ﾠthe	 ﾠfindings	 ﾠthat	 ﾠ
infants,	 ﾠwho	 ﾠcannot	 ﾠrely	 ﾠupon	 ﾠmemorized	 ﾠnumber	 ﾠfacts	 ﾠor	 ﾠdivision	 ﾠprocedures,	 ﾠalso	 ﾠ
show	 ﾠcompetence	 ﾠwhen	 ﾠtasks	 ﾠprobe	 ﾠimplicit	 ﾠcalculations	 ﾠof	 ﾠratios	 ﾠ(Denison	 ﾠ&	 ﾠXu,	 ﾠ
2010;	 ﾠDuffy,	 ﾠHuttenlocher,	 ﾠ&	 ﾠLevine,	 ﾠ2005;	 ﾠMcCrink	 ﾠ&	 ﾠWynn,	 ﾠ2007;	 ﾠXu	 ﾠ&	 ﾠGarcia,	 ﾠ
2008).	 ﾠ	 ﾠMcCrink	 ﾠand	 ﾠWynn	 ﾠ(2007)	 ﾠfound	 ﾠthat	 ﾠafter	 ﾠhabituation	 ﾠto	 ﾠseveral	 ﾠexemplars	 ﾠ
of	 ﾠthe	 ﾠsame	 ﾠnumerical	 ﾠratio	 ﾠof	 ﾠobject	 ﾠA	 ﾠ:	 ﾠobject	 ﾠB	 ﾠ(e.g.,	 ﾠ8:4,	 ﾠ38:19,	 ﾠ22:11…),	 ﾠ6-ﾭ‐month-ﾭ‐
old	 ﾠinfants	 ﾠdishabituated	 ﾠselectively	 ﾠto	 ﾠa	 ﾠnew	 ﾠratio	 ﾠ(e.g.,	 ﾠ40:10)	 ﾠcompared	 ﾠto	 ﾠa	 ﾠnew	 ﾠ
example	 ﾠof	 ﾠan	 ﾠold	 ﾠratio	 ﾠ(e.g.,	 ﾠ20:10).	 ﾠ	 ﾠTeglas	 ﾠet	 ﾠal.	 ﾠ(2007,	 ﾠ2011)	 ﾠshowed	 ﾠ12-ﾭ‐month-ﾭ‐
old	 ﾠinfants	 ﾠeither	 ﾠa	 ﾠprobable	 ﾠ(a	 ﾠyellow	 ﾠball	 ﾠcoming	 ﾠout	 ﾠof	 ﾠa	 ﾠcontainer	 ﾠwhich	 ﾠcontains	 ﾠ
3	 ﾠyellow	 ﾠballs	 ﾠand	 ﾠ1	 ﾠblue	 ﾠball)	 ﾠor	 ﾠimprobable	 ﾠ(a	 ﾠyellow	 ﾠball	 ﾠcoming	 ﾠout	 ﾠof	 ﾠa	 ﾠ
container	 ﾠwhich	 ﾠcontains	 ﾠ1	 ﾠyellow	 ﾠball	 ﾠand	 ﾠ3	 ﾠblue	 ﾠballs)	 ﾠevent.	 ﾠ	 ﾠThe	 ﾠinfants	 ﾠlooked	 ﾠ
longer	 ﾠto	 ﾠimprobable	 ﾠevents	 ﾠthan	 ﾠprobable	 ﾠones,	 ﾠindicating	 ﾠan	 ﾠappreciation	 ﾠfor	 ﾠthe	 ﾠRunning	 ﾠHead:	 ﾠHalving	 ﾠby	 ﾠMundurucu	 ﾠSpeakers	 ﾠ
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inherently	 ﾠproportional	 ﾠbase-ﾭ‐rate	 ﾠof	 ﾠoccurrence	 ﾠof	 ﾠeach	 ﾠevent.	 ﾠ	 ﾠXu	 ﾠand	 ﾠcolleagues	 ﾠ
(Denison	 ﾠ&	 ﾠXu,	 ﾠ2010;	 ﾠXu	 ﾠ&	 ﾠDenison,	 ﾠ2009,	 ﾠXu	 ﾠ&	 ﾠGarcia,	 ﾠ2008)	 ﾠhave	 ﾠestablished	 ﾠthat	 ﾠ
infants	 ﾠcan	 ﾠcompute	 ﾠproportional	 ﾠinformation	 ﾠabout	 ﾠan	 ﾠarray	 ﾠto	 ﾠgauge	 ﾠthe	 ﾠ
probability	 ﾠof	 ﾠan	 ﾠevent,	 ﾠand	 ﾠeven	 ﾠuse	 ﾠthis	 ﾠinformation	 ﾠto	 ﾠguide	 ﾠtheir	 ﾠbehavior	 ﾠ(e.g.,	 ﾠ
choosing	 ﾠa	 ﾠlollipop	 ﾠthat	 ﾠwas	 ﾠdrawn	 ﾠfrom	 ﾠa	 ﾠcontainer	 ﾠthat	 ﾠcontained	 ﾠa	 ﾠhigher	 ﾠ
proportion	 ﾠof	 ﾠtheir	 ﾠfavored-ﾭ‐color	 ﾠlollipop.)	 ﾠ	 ﾠ
The	 ﾠcurrent	 ﾠparadigm	 ﾠrepresents	 ﾠa	 ﾠstep	 ﾠforward	 ﾠin	 ﾠstudying	 ﾠproportional	 ﾠ
relationships,	 ﾠbecause	 ﾠit	 ﾠrequires	 ﾠthe	 ﾠsubject	 ﾠto	 ﾠscale	 ﾠa	 ﾠmagnitude	 ﾠin	 ﾠa	 ﾠserial,	 ﾠexplicit	 ﾠ
fashion	 ﾠin	 ﾠorder	 ﾠto	 ﾠarrive	 ﾠat	 ﾠthe	 ﾠcorrect	 ﾠoutcome.	 ﾠ	 ﾠWhereas	 ﾠthe	 ﾠvast	 ﾠmajority	 ﾠof	 ﾠ
studies	 ﾠof	 ﾠproportional	 ﾠreasoning	 ﾠrelies	 ﾠon	 ﾠa	 ﾠmatch-ﾭ‐to-ﾭ‐sample	 ﾠtask	 ﾠin	 ﾠwhich	 ﾠ
participants	 ﾠview	 ﾠsome	 ﾠstandard	 ﾠand	 ﾠthen	 ﾠchoose	 ﾠa	 ﾠmatch	 ﾠor	 ﾠdeviant,	 ﾠthe	 ﾠchildren	 ﾠin	 ﾠ
the	 ﾠpresent	 ﾠstudy	 ﾠviewed	 ﾠmath	 ﾠproblems	 ﾠunfolding	 ﾠin	 ﾠreal	 ﾠtime;	 ﾠx	 ﾠ/	 ﾠy	 ﾠ=	 ﾠz,	 ﾠwherein	 ﾠ
the	 ﾠparticipant	 ﾠmust	 ﾠrepresent	 ﾠx	 ﾠbehind	 ﾠan	 ﾠoccluder,	 ﾠgenerate	 ﾠy	 ﾠfrom	 ﾠthe	 ﾠ
familiarization	 ﾠmovie,	 ﾠand	 ﾠcalculate	 ﾠoutcome	 ﾠz.	 ﾠ	 ﾠThis	 ﾠtask	 ﾠtherefore	 ﾠprovides	 ﾠa	 ﾠlink	 ﾠ
between	 ﾠthe	 ﾠanalogical	 ﾠnature	 ﾠof	 ﾠprevious	 ﾠstudies	 ﾠ(e.g.	 ﾠJacob	 ﾠ&	 ﾠNieder,	 ﾠ2009a,	 ﾠ
2009b)	 ﾠand	 ﾠthe	 ﾠserial	 ﾠand	 ﾠgenerative	 ﾠnature	 ﾠof	 ﾠstep-ﾭ‐by-ﾭ‐step	 ﾠproblems	 ﾠthat	 ﾠchildren	 ﾠ
must	 ﾠlearn	 ﾠin	 ﾠschool.	 ﾠ	 ﾠGiven	 ﾠwork	 ﾠby	 ﾠGilmore,	 ﾠMcCarthy	 ﾠand	 ﾠSpelke	 ﾠ(2007)	 ﾠshowing	 ﾠ
that	 ﾠchildren	 ﾠutilize	 ﾠtheir	 ﾠANS	 ﾠat	 ﾠthe	 ﾠbeginning	 ﾠof	 ﾠtheir	 ﾠsymbolic	 ﾠinstruction	 ﾠon	 ﾠ
addition	 ﾠand	 ﾠsubtraction	 ﾠproblems,	 ﾠwe	 ﾠspeculate	 ﾠthat	 ﾠthe	 ﾠformat	 ﾠpresented	 ﾠhere	 ﾠ
could	 ﾠprovide	 ﾠa	 ﾠscaffold	 ﾠfor	 ﾠreasoning	 ﾠabout	 ﾠa	 ﾠrelatively	 ﾠdifficult	 ﾠconcept	 ﾠ(fractional	 ﾠ
understanding)	 ﾠin	 ﾠa	 ﾠconcrete,	 ﾠtransparent	 ﾠfashion.	 ﾠ
Overall,	 ﾠthe	 ﾠcurrent	 ﾠfindings	 ﾠaccord	 ﾠwith	 ﾠand	 ﾠextend	 ﾠresearch	 ﾠon	 ﾠthe	 ﾠ
evolution	 ﾠof	 ﾠintuitive	 ﾠproportional	 ﾠreasoning	 ﾠin	 ﾠboth	 ﾠnon-ﾭ‐human	 ﾠpopulations	 ﾠ(e.g.,	 ﾠRunning	 ﾠHead:	 ﾠHalving	 ﾠby	 ﾠMundurucu	 ﾠSpeakers	 ﾠ
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the	 ﾠrate-ﾭ‐matching	 ﾠforaging	 ﾠdone	 ﾠby	 ﾠnon-ﾭ‐human	 ﾠanimals;	 ﾠsee	 ﾠGallistel	 ﾠ(1990)	 ﾠfor	 ﾠa	 ﾠ
review)	 ﾠand	 ﾠstatistical	 ﾠand	 ﾠratio-ﾭ‐based	 ﾠreasoning	 ﾠin	 ﾠinfancy	 ﾠ(McCrink	 ﾠ&	 ﾠWynn,	 ﾠ
2007;	 ﾠTeglas	 ﾠet	 ﾠal.,	 ﾠ2007,	 ﾠ2011;	 ﾠXu	 ﾠ&	 ﾠDenison,	 ﾠ2010).	 ﾠ	 ﾠThey	 ﾠreveal	 ﾠa	 ﾠremarkable	 ﾠ
capacity	 ﾠfor	 ﾠproportional	 ﾠreasoning	 ﾠin	 ﾠa	 ﾠpopulation	 ﾠthat	 ﾠhas	 ﾠlittle	 ﾠin	 ﾠthe	 ﾠway	 ﾠof	 ﾠ
symbols	 ﾠor	 ﾠprecise	 ﾠcounting.	 ﾠ	 ﾠThese	 ﾠMundurucu	 ﾠspeakers	 ﾠwere	 ﾠable	 ﾠto	 ﾠmentally	 ﾠ
transform	 ﾠa	 ﾠlarge	 ﾠnumerical	 ﾠarray	 ﾠinto	 ﾠhalf	 ﾠthat	 ﾠamount	 ﾠusing	 ﾠonly	 ﾠtheir	 ﾠ“number	 ﾠ
sense”.	 ﾠ
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Table	 ﾠ1.	 ﾠ	 ﾠSpecific	 ﾠvalues	 ﾠused	 ﾠduring	 ﾠthe	 ﾠtraining	 ﾠand	 ﾠtesting	 ﾠtrials.	 ﾠ
	 ﾠ
Figure	 ﾠ1.	 ﾠ	 ﾠA	 ﾠschematic	 ﾠof	 ﾠthe	 ﾠexperimental	 ﾠprocedure	 ﾠduring	 ﾠthe	 ﾠtraining	 ﾠ
trials.	 ﾠ	 ﾠTesting	 ﾠtrials	 ﾠwere	 ﾠidentical	 ﾠexcept	 ﾠa)	 ﾠno	 ﾠtransformed	 ﾠoutcome	 ﾠwas	 ﾠshown,	 ﾠ
and	 ﾠb)	 ﾠthe	 ﾠcomparison	 ﾠarrays	 ﾠwere	 ﾠcontrolled	 ﾠfor	 ﾠarea	 ﾠand	 ﾠcontour	 ﾠlength	 ﾠinstead	 ﾠof	 ﾠ
density	 ﾠand	 ﾠitem	 ﾠsize.	 ﾠ
	 ﾠ
Figure	 ﾠ2.	 ﾠ	 ﾠPerformance	 ﾠon	 ﾠthe	 ﾠhalving	 ﾠtask	 ﾠacross	 ﾠboth	 ﾠblocks	 ﾠfor	 ﾠthe	 ﾠ
American	 ﾠchildren	 ﾠin	 ﾠMcCrink	 ﾠ&	 ﾠSpelke	 ﾠ(submitted)	 ﾠand	 ﾠthe	 ﾠpresent	 ﾠMundurucu	 ﾠ
sample.	 ﾠ	 ﾠThe	 ﾠchildren’s	 ﾠability	 ﾠto	 ﾠcorrectly	 ﾠdetermine	 ﾠwhich	 ﾠarray	 ﾠis	 ﾠmore-ﾭ‐numerous	 ﾠ
is	 ﾠplotted	 ﾠas	 ﾠa	 ﾠfunction	 ﾠof	 ﾠthe	 ﾠratio	 ﾠof	 ﾠcomparison	 ﾠarray	 ﾠ:	 ﾠcorrect	 ﾠtransformed	 ﾠ
outcome	 ﾠ(2:1	 ﾠor	 ﾠ1.5:1).	 ﾠ	 ﾠAsterisks	 ﾠconvey	 ﾠa	 ﾠp	 ﾠvalue	 ﾠof	 ﾠ<.05.	 ﾠ	 ﾠChance	 ﾠis	 ﾠindicated	 ﾠwith	 ﾠ
a	 ﾠdashed	 ﾠline	 ﾠat	 ﾠ50%.	 ﾠ	 ﾠ	 ﾠ
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